Factors Affecting 
Calf Crop 


Contributors — — 

D. E. BARTLETT, Veterinarian, American Breeders Service, Inc., Madison, 

J. bond" Animal PhyaMogist, U.S.D.A., Animai Husbandry Research Divi- 
BoN^MA^'Head, Department of Animal Science, University of Pretoria, 
wf C.^BlJKNst'AssStant Animal Husbandman, U.S.D.A. and West Central 

C.’l'-SmSSS of Animal Industry, 

Tallahassee, Florida . ..i-i t, 

H. L. Chapman, 3r., Animal Nntritjonist and Head, Range Cattle Experi- 
ment Station, Ona, Florida - 

J. R. Crockett, Assistant Animal Geneticist, Department of Animal Science, 
University of Florida, Gainesville .. i. 

T. J. CUNHA, Chairman, Department of Animal Science, University ot 
Florida, Gainesville ... in 

R. E. Deese, Extension Animal Husbandman, Department of Animal Hus- 
bandry, Agricultural Extension Service, Auburn University, Auburn, 
Alabama 

G. T. Edds, Chairman, Veterinary Science Department, University of Flor- 
ida, Gainesville 

J. F. Hentges, Jr., Associate Animal Nutritionist, Department of Animal 
Science, University of Florida, Gainesville 

E. M. Hodges, Agronomist, Range Cattle Experiment Station, Ona, Florida 
J. E. Ingalls, Superintendent, U.S.DJV. and University of Nebraska, Fort 
Robinson Beef Cattle Research Station, Crawford 
C, W. Kasson, U.S.D.A. and University of Nebraska, Fort Robinson Beef 
Cattle Research Station, Crawford 

W, G. Kirk, Animal Scientist, Range Cattle Experiment Station, Ona, 
Florida 

M. Kocer, Animal Geneticist, Department of Animal Science, University of 
Florida, Gainesville 

W. C. McCormick, Animal Husbandman, Georgia Coastal Plain Experiment 
Station, Tifton 

F. M. Peacock, Associate Animal Husbandman, Range Cattle Experiment 
Station, Ona, Florida 

C. B. Plummer, Jr., Extension Veterinarian, Extension Veterinary Science 
Department, University of Florida, Gainesville 
L. S. Pope, Head, Department of Animal Science, Oklahoma State Univer- 
sity, Stillwater 

W. L. Reynolds, Animal Research Physiologist, U.S.D.A., Animal Hus- 
bandry Research Division, Iberia Livestock Experiment ' Station, Jean- 
erette, Louisiana 

J. A. Rothlisberger, U.S.D.A. and University of Nebraska, Fort Robinson 
Beef Cattle Research Station, Crawford 
E. W. Swanson, Professor of Dairying, Department of Dairy Science 
University of Tennessee, Knoxville ’ 

R. S. Temple, Investigations Leader, S-10, Southern Regional Beef Cattle 
Breeding Research, University of Tennessee, Knoxville 
D, F. Walker, Associate Professor, Department of Large Animal Sureerv 
and Medicine, Auburn University, Auburn, Alabama 
A. C. Warnick, Animal Physiologist, Department of Animal Science Uni- 
versity of Florida, Gainesville ’ 

^ Cattle Research Branch, U.S.D.A., Beltsville, 

Research Physiologist, U.S.D.A. and Universitv of 
Nebraska Fort Robinson Beef Cattle Research Station, Crawford ^ 

t Veterinary Research and Development. The Uniohn 

Company, Kalamazoo, Michigan 



Edited by 

T. J. CUNHA 
A. C. WAENICK 
M. ROGER 


Factors Affecting 
Calf Crop 


UNIVERSITY OF FLORIDA PRESS • GAINESVILLE 





Preface 


This book contains reports presented by speakers at the Beef 
Cattle Short Course on Factors Affecting the Calf Crop which 
was held at the University of Florida, May 6-8, 1965. 

The Short Course was designed to bring together the available 
information on the many factors which affect the calf crop. 
Therefore, this book is a summary of what is presently known 
about this subject. It not only deals with information available 
in the United States but also draws on data from all parts of 
the world. 

There are 29 contributors to the book. Many of them are 
national and international authorities in their respective fields. 
The chapters written by Dr. J. C. Bonsma, of the University of 
Pretoria in the Republic of South Africa, will especially be of 
interest. His work and findings are unique and should be a val- 
uable reference. 

It is hoped that this book will be helpful to cattlemen through- 
out the world. It should be a valuable reference for vocational 
agriculture teachers, county agents, colleges, universities, veter- 
inarians, bankers, feed industry' personnel, and all groups which 
deal with the beef cattle industry. 

T. J. CUNHA 
A. C. Wap.n'ick 
M. Kocer 
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A. C. WARHICK 


Introduction 


The calving percentage in a beef herd is one of the greatest fac- 
tors influencing success in the ranching operation. Thi.s calving 
percentage influences the economic returns and al.so the Renetie 
improvement of the herd. Profit per calf can vary from ? 1 1.00 
with a 100 per cent calf crop to a lo.s.s of Slo.OO per calf with a 
50 per cent calf crop based on a yearly cost of SGO.OO 
tain a cow. Bv increasing the calf crop 5 per <-cnt. from o Hn 
per cent, the profit per calf would increase ?...00. The great im- 
pact on the cattle industry in the Umted States is sj^en by mul- 
tiplving the number of beef cows (2<.-G.0.000) by ^.,.00 b. ( u 
an increase of 13G million dollars if the calf crop c.eild be in- 
creased by 5 per cent. 



FIGURE 1. Protein deficiency in young beef bulls results in reproductive failure. Top — left to right— Control bull fed ration, 3 weeks on con* 
trol ration after 252 days on protein deficient ration and protein deficient ration throughout. Bottom— Same bulls 99 days later. Weight of 
bulls: control, H30 lbs., bull returned to control ration, 675 lbs.; and bull continuously fed a protein deficient ration, 311 lbs. 
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E. J. WARWICK 


Reproductive Performance 
in World Regions 


I am not sure there are many people in the world who can speak 
very authoritatively on this subject since adequate statistics are 
generally unavailable. I have managed to assemble some esti- 
mates which I hope will be of interest. For the most part, they 
have been assembled from scattered published sources and from 
people I know in various countries, or from Americans who have 
traveled or worked in other nations. I am extremely grateful to 
those who have helped me. To a large degree, the information to 
be quoted must be considered as educated guessing, since ade- 
quate data are not generally available for reproductive rates on 
a national basis. Thus, for the most part, the estimates given 
cannot be documented. It is quite possible that data may be avail- 
able for some countries, but have not come to my attention. There 
are hundreds of reports on individual herds from various parts of 
the world. I have not attempted to make an exhaustive survey of 
these, but will refer to some of them. 

First it can be said that, if we define optimum reproductive 
rate for cattle as being the production of a first calf at two to 
three years of age and another calf each twelve months there- 
after, then sub-optimal performance is a worldwide problem. It 
is a considerably greater problem in some areas than in others 
and varies tremendously between herds within areas. We all 
know that reproductive failure can be due either to failure to 
drop a calf or to calf death prior to maturity or marketable age. 

Starting with countries having climates more or less compar- 
able to the temperate areas of the United States, it is estimated 
that the national average beef calf crop falls between 75 and 85 
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per cent in Canada. In two experiment station herds, calving per- 
centages of 79 and 87 per cent, respectivel 5 -, have been reported. 
It is estimated that on a national basis, Canadian dairj- herds av- 
erage a 65 to 75 per cent calf crop. Canadian artificial insemina- 
tion units in 1962 and 1963 (over 900,000 cows each year) aver- 
aged first service conception rate based on 60-80 day non-retum.s 
at 68.4 per cent. In various provinces, it ranged from 66.0 to 72.2 
per cent (Canada Department of Agriculture estimate). 

Denmark is of special interest, since virtually 100 per cent of 
the cows are artificially inseminated and have been for several 
years. Too, it is a country irith a generally high level of manage- 
ment. Virtually all cattle are dairj’ animals. There are a little 
over 11/4 million cows in the countiy. The percentage of all cow.s 
becoming pregnant during the year ha.s eon.si.stently been over 90 
per cent, varying from 92.5 to 93.5 per cent during the ycar.s 
1954-63. Per cent conception rate on first .service has averaged 
about 60 per cent in recent years. Number of in.scminations per 
conception has averaged about 1.68 (National In.stitiitc on Ani- 
mal Husbandry — Denmark). 

West Germany has between five and six million con s n hich arc 
mostly of daily and dual-purpose t.vpe.s. About 33 per cent are 
artificially inseminated. As a n.ation.al .average it is estimated that 
calf crops raised in 1962 and 1963 were 87.1 and 86,8 per cent, 
respectively. In artificial insemination. dilTerent part.s of the 
country v.a'ry from about 58 to about 69 per cent conception on 
first sers'ice. from about 1.48 to about 1.55 in sersuVes per con- 
ception and from about 91.8 to 93,5 per cent pregnant after all 
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70 per cent in the Scottish Highlands. First calving there is of- 
ten at four years of age. 

In a survey of Charolais herds in France, an overall conception 
rate of 91 per cent and average calving intervals of 367 to 372 
days were reported (Auriol et cd, 1961) . 

On the basis of the above reports, it would appear that repro- 
ductive rates in northern Europe are generally among the highest 
in the world. 

Information on southern Europe is much more limited. Stud- 
ies of reproductive rates in individual herds have in some cases 
shown averages quite comparable to those of northern Europe. It 
is believed, however, that national averages are substantially 
lower. 

Few data are available from Russia. This vast country varies 
tremendously in climatic and feed conditions. One visitor who had 
an opportunity to travel widely and observe agriculture over a 
wide range of conditions, has estimated average calf crop at not 
over 70 per cent. 

In New Zealand, computations from published census data on 
beef herds permit estimates of per cent calf crop weaned ranging 
from 74.3 to 86.1 per cent in recent years. It is doubtful that year 
to year variation is this great, thus casting doubt on the validity 
of the estimates. A survey of 52 dairy herds in this country gave 
an estimated calving rate of 92 per cent. This may be high. 

Australia is a huge country and conditions under which cattle 
are raised differ tremendously. In the temperate areas of New 
South Wales where rainfall is adequate, reproductive rates are 
apparently comparable to those of northern Europe or New Zea- 
land. 

In the low-rainfall areas, i.e„ 10 to 20 inches, calf crops of 45 
to 50 per cent raised are considered normal. A calf every 18 
months is considered all that can be expected. Calf crops of 40 
to 50 per cent are the rule in the tropic and subtropic areas of 
Australia. Very little supplementation is practiced in Australia. 
This is especially true in the tough cattle areas of Queensland, 
Northern Territory and Western Australia. 

One report on the small cattle population of New Guinea indi- 
cated 60-70 per cent calf crop when bulls run with cows year 
round (Joshi et al, 1957). 

In the tropical areas of the world we can, without fear of con- 
tradiction, make the statement that low reproductive rates are of 
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transcendent importance to economical cattle production. Low 
conception rates and hieh death rates prior to a year of age are 
both of importance in most areas, but vary in their relative im- 
portance, In most nations we have better estimates of net calf 
crops raised than we do of birth and death rates. Thus, most of 
my remarks wiil relate to net calf crop. 

All available estimates, including those made from slaughter 
(or extraction) rates, indicate net calf crops of from 30 to 50 per 
cent for all Central American countries and for all South Amer- 
ican countries north of Chile, Argentina, and Uruguay. Their low 
national average reproductive rates are greatly exceeded by 
some herds in ali countries. For example, at the research station 
at Turrialba, Costa Rica, dairy Criollas averaged only 1.4 serv- 
ices per conception. Similar results were observed in Venezuela. 

Low net reproductive rates through this vast area are doubt- 
less due to many causes, some of which are far from under- 
stood. Among the most common factors are: (1) Uneven distri- 
bution of rainfall, which in the absence of extensive programs for 
feed storage, result in cattle being on scanty forage of low qual- 
ity for extended periods; (2) Use of breeds with buiit-in mecha- 
nisms to protect themselves (late puberty, suppression of estrus 
during lactation) from poor feed supplies and which fail to re- 
produce by temperate zone standards even when well fed; (3) 
Widespread disease situations which both reduce calving rates 
and increase calf death losses; and (4) Environmental tempera- 
tures with detrimental effects on reproduction phenomena for ex- 
tended periods of the year. Speaking generally, reproduction rates 
are better in areas with more even distribution of rainfall 
throughout the year and in the highlands as compared to the low- 
er, more tropical areas. Some breeds appear to reproduce more 
regularly than others. Among temperate zone dairy breeds, for 
example, the Jersey seems to have a superior reproductive rate 
when introduced into these areas. 

Overall calf crops raised were estimated at approximately 60 
per cent in both Uruguay and Argentina by one of my inform- 
ants. Another source confirmed the 60 per cent figure for Argen- 
tina (based on considerable specific data) but gave Uruguay a 
lower figure — 45 per cent or less. tVithin Argentina, consider- 
able variation exists by region, with northern areas tending to 
raise calf crops of 50 per cent or less. This area is subtropical to 
tropical. 
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Calf crops in Chile are thought to average somewhat higher 
than in other South American countries — probably from 60 to 
85 per cent in different regions. 

I have very few detailed estimates on calving rates in Africa. 
However, from estimates given in the publication Types and 
Breeds of African Cattle (Joshi et al., 1957), it appears that for 
much of the continent age at first calving ranges from 3 to 41/2 
years and that calving interval of the various breeds for the most 
part averages 15 to 24 months. If all calves lived, this would in- 
dicate calf crops of 50 to 80 per cent. Death losses tend to be high 
and net figures for much of the continent are probably consider- 
ably lower than this. As an example, one observer estimated that 
in much of Kenya and Uganda calf crop dropped may average 80 
to 90 per cent. In a few of the better managed ranches, weaning 
percentages may approximate these figures. However, in the bulk 
of this area where East Coast Fever is a serious problem, death 
losses are high and calf crop weaned is probably not over 60 per 
cent, 

In Egypt several studies of cattle and buffalo herds maintain- 
ed by universities and experiment stations show calving intervals 
of IS to 16 months. Records on one commercial buffalo herd 
showed an interval of 18 months (Ahmed and TantaviVi 1959 and 
El-Itriby and Asker, 1958). 

While overall figures for Africa are low, reports of reproduc- 
tion rates in individual experiment station herds are often quite 
good. For example, one study in the Congo reported calf crops of 
92 to 100 per cent for different breeds (Maricz, 1961) . A study in 
Ghana reported an average calf crop of 85 per cent for West Af- 
rican Shorthorns and only slightly lower rates for two other 
breeds (Montsma, 1963). 

Thus, the overall conclusion would seem to be that average 
calf crop for most of this continent is low but that there are defi- 
nite possibilities for improvement with enlightened management 
and disease control procedures. 

Census data for the Republic of South Africa indicate a nation- 
al average calf crop raised of 44 per cent. A number of surveys 
in this country, presumably among better managed herds, have 
indicated calving percentages of 61 to 89 for different dairy 
breeds and types of production. Similar figures for beef herds 
ranged from 52 to 77 per cent as averages of different regions 
of the country. 
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Calf crops in Chile are thought to average somewhat higher 
than in other South American countries— probably from 60 to 
85 per cent in different regions. 

I have very few detailed estimates on calving rates in Africa. 
However, from estimates given in the publication Types and 
Breeds of African Cattle (Joshi et al., 1957), it appears that for 
much of the continent age at first calving ranges from S to 41/2 
years and that calving interval of the various breeds for the most 
part averages 15 to 24 months. If all calves lived, this would in- 
dicate calf crops of 50 to 80 per cent. Death losses tend to be high 
and net figures for much of the continent are probably consider- 
ably lower than this. As an example, one observer estimated that 
in much of Kenya and Uganda calf crop dropped may average 80 
to 90 per cent. In a few of the better managed ranches, weaning 
percentages may approximate these figures. However, in the bulk 
of this area where East Coast Fever is a serious problem, death 
losses are high and calf crop weaned is probably not over 50 per 
cent. 

In Egypt several studies of cattle and buffalo herds maintain- 
ed by universities and experiment stations show calving intervals 
of 13 to 15 months. Records on one commercial buffalo herd 
showed an interval of 18 months (Ahmed and Tantawy, 1969 and 
El-Itriby and Asker, 1958). 

While overall figures for Africa are low, reports of reproduc- 
tion rates in individual experiment station herds are often quite 
good. For example, one study in the Congo reported calf crops of 
92 to 100 per cent for different breeds (Maricz, 1961) . A study in 
Ghana reported an average calf crop of 85 per cent for West Af- 
rican Shorthorns and only slightly lower rates for two other 
breeds (Montsma, 1963). 

Thus, the overall conclusion would seem to be that average 
calf crop for most of this continent is low but that there are defi- 
nite possibilities for improvement with enlightened management 
and disease control procedures. 

Census data for the Republic of South Africa indicate a nation- 
n average calf crop raised of 44 per cent. A number of surveys 
m this country, presumably among better managed herds, have 
indicated calving percentages of 61 to 89 for different dairy 
breeds and types of production. Similar figures for beef herds 
ranged from 52 to 77 per cent as average.? of different regions 
of the country. 
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Limited data from two beef research stations in the country 
show calving percentages of 60 to 63 at one and 81 to 92 at the 
other. 
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Africa, but a very interesting comparison of 12 breeds at e 
Omatjenne Experiment Station show average calf crops raise 
ranging from 73 to 88 per cent for different breeds. 

The only estimates I have for the Middle East suggest an o\er 
all average calf crop of 30 to 40 per cent. In Israel e ra s 
probably raise a calf crop of around 50 per cent while t e ewis 
farmers, using fairly intensive feeding and external parasi e con 
trol programs, average about 65 per cent with their ee cr< . . 
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ably lower than this. As an example, one observer estimated that 
in much of Kenya and Uganda calf crop dropped may average 80 
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In Egypt several studies of cattle and buffalo herds maintain- 
ed by universities and experiment stations show calving intervals 
of 13 to 15 months. Records on one commercial buffalo herd 
showed an interval of 18 months (Ahmed and Tantawy, 1959 and 
El-Itriby and Asker, 1958) . 

While overall figures for Africa are low, reports of reproduc- 
tion rates in individual experiment station herds are often quite 
good. For example, one study in the Congo reported calf crops of 
92 to 100 per cent for different breeds (Maricz, 1961) . A study in 
Ghana reported an average calf crop of 85 per cent for West Af- 
rican Shorthorns and only slightly lower rates for two other 
breeds (Montsma, 1963). 

Thus, the overall conclusion would seem to be that average 
calf crop for most of this continent is low but that there are defi- 
nite possibilities for improvement with enlightened management 
and disease control procedures. 

Census data for the Republic of South Africa indicate a nation- 
al average calf crop raised of 44 per cent. A number of surveys 
in this country, presumably among better managed herds, have 
indicated calving percentages of 61 to 89 for different dairy 
breeds and types of production. Similar figures for beef herds 
ranged from 52 to 77 per cent as averages of different regions 
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years. At Wyoming, calf crop varied from 74 to 94 per cent in 
the different years. Variation between years in the other states 
was also great. This illustrates that even though large differences 
in average calf crop are noted between the states, the differences 
within the state are as large or larger. If data were presented 
from different locations within each state it would be noted that 
wide differences in average calf crop exist in the same year at 
different locations within a state. 

The causes of reproductive failure appear to be the same in all 
states. Only 71 per cent of the cows were in heat the first 21 days 
of the breeding season in Virginia, 62 per cent in Louisiana and 
64 per cent in Nebraska (Table 2) . Conception rate at first serv- 
ice was 69 per cent in Virginia, 55 per cent in Louisiana, and 72 
per cent in Nebraska. Because of the small proportion of cows 
showing heat the first 21 days of the breeding season and the 
low conception rate at first service, the number of cows becom- 
ing pregnant during the first 21 days of the breeding season was 
less than 50 per cent in all 3 states. The low conception rate at 
first service and the proportion of cows in heat early in the breed- 
ing season also have a direct influence on the number of cows be- 
coming pregnant during the breeding season. This varied from 92 
per cent in Nebraska to 77 per cent in Louisiana. 

Calf losses at or near birth was another important cause of re- 
productive failure. Calf losses at birth or before 2 weeks of age 
amounted to 11 per cent in Virginia and Louisiana, and 12 per 
cent in Nebraska (Table 2). 

The three important causes of reproductive failure at all three 
locations were: (1) the number of cows in heat the first 21 days 
of the breeding season, (2) the number of cows conceiving at first 
service, and (3) the number of cows losing calves at or near 
birth. 

Some other similarities of reproductive failure in these three 
widely separated states are of interest. Beproductive perform- 
ance of young cows nursing calves at the three locations was low- 
er than the reproductive performance of older cows nursing 
calves (Table 3) . Fewer young cows showed heat the first 21 days 
of the breeding season (66 vs. 72 per cent in Virginia 42 vs 78 
per cent in Louisiana, and 55 vs. 67 per cent in Nebraska). Con- 
sequently, fewer young cows became pregnant the first 21 days 
of the breeding season (42 vs. 50 per cent in Virginia 24 vs 43 
per cent in Louisiana, and 43 vs. 48 per cent in Nebraska) and 
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R. S. TEMPLE 


Reproditctivc Performance in the South 


The low reproductive rate of beef cattle in the South has re- 
ceived considerable attention from breeders and research work- 
ers, as it has been demonstrated that a calvinp percentaRC of 
less than 70 would lead to an uneconomical beef cattle operation 
under most circumstances. Several .studies on reproduction in 
beef cattle have been conducted as a part of the Southern Rejrion- 
al Beef Cattle Breedins Project. S-IO, since its initiation in 19 18, 
and the results of these have been reported. These studies to- 
sethor with a surve.v of the reproductive status of the S-10 con- 
tributinsr herds furnish v.nlu.able information for beef cattle 
breeders. 
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fewer became pregnant in the breeding season (81 vs. 90 per 
cent in Virginia, 63 vs. 84 per cent in Louisiana, and 84 vs. 94 per 
cent in Nebraska) . Thus, reproductive failure in young cows in 
aii three states foliows the same pattern but differs widely in 
magnitude. 

The interval from calving to first heat is longer in young cows 
than in older cows at all three locations. Twenty-three per cent 
of the young cows in Virginia had an interval from calving to first 
heat of over 80 days compared to 16 per cent for older cows (Ta- 


Table 4. — Interval from Calving to First Heat 
(Percentage op Cows in Heat) 


State 


Days to first heat after calving 

Age of cow 

80 OR 
MORE 

90 OR 
MORE 

100 OR 
MORE 

Virginia 

2-8 yr. olds 

23 

18 

15 


4 yr. and older 

16 

13 

8 

Louisiana 

2-3 yr. olds 

26 

19 

16 


4 yr. and older 

14 

9 

6 

Nebraska 

3 yr. olds 

48 

80 

15 


4 yr. and older 

11 

4 

0 


ble 4) . In Louisiana, 26 per cent of the young cows and 14 per cent 
of the older cows took longer than 80 days to return to heat after 
calving. In Nebraska, the proportion of cows taking over 80 days 
to return to heat was 43 per cent for young cows and 11 per 
cent for older cows. The same pattern between young and older 
cows is noticed with intervals over 90 days and over 100 days at 
all three locations. 

These observations show that the average calf crop differs 
quite marked.ly in different regions of the United States. How- 
ever, the variation encountered within a region from year to year 
is as large or larger. The causes of reproductive failure in the 
different regions are remarkably similar and are (1) small num- 
ber of cows in heat and bred the first 21 days of the breeding 
season, (2) small number of cows conceiving at first service, and 
(3) large losses occurring at or near birth. It would appear that 
methods which might increase calf crop in one region might also 
be effective m increasing calf crop in other regions. 
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calving percentages for each of these years are shown in Table 6. 
It should be noted that some cows are represented more than 
one year. The low weaning percentage in each of the four years 
exemplifies the seriousness of the low beef cattle reproduction 
rate in the Southeastern United States, as reported by Wiltbank 
et al., 1961; Warnick et aL, 1960; Damon et al., 1959; Cobb et at, 
1964; England et al., 1963; and Roger et at., 1962. 


Table 6. — Averages for Year and Mating System for Three Traits 
Expressed as Percentages of Cows in the Herd at Breeding, 
Minus Those Removed for Other Than Reproductive Causes* 


Effects 

STUDIED 

Number 

IN herd 

AT breeding 

Percentage 
REMOVED FOR 

reproductive 

CAUSES 

Calving 

PERCENTAGE 

(BORN) 

Calving 

PERCENTAGE 

(wtaned) 

Over-all 

Mean 

19,388 

7.9 

77.3 

69.1 

Years 

1957 

4,250 

7.8 

78.8 

73.3 

1958 

4,681 

7.5 

74.6 

69.8 

1959 

5,116 

5.9 

88.C 

67.7 

1960 

5,341 

10.5 

C7.3 

66.5 

Mating System 

Hand 1,554 

5.8 

88.0 

79.8 

Pasture 

16,295 

0.5 

89.9 

77.2 

A. I. 

1,539 

17.4 

54.1 

50.4 


*Efrect of breed was removed, so that the percentages are as if the cattle 
were all one breed. 
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tus were removed from the herd prior to calving for causes ot - 
er than reproduction. Since some of these cows could have fallen 
into one of two categories, open or pregnant, and, in '"“"y 
their conception status at the time of removal was not reported, 
it was assumed that their distribution into these two 
tions was random and they were not included in this study. If t 
distribution of these "unknown” cows had not been at random in 


TABLE 5.— total Number or Cows and Calves m Four-Year RErROOUC- 
TioN SunvEY, S-10 Herds, 1957-1961* 


State 


Cowsf 


Calves 


Alabama 

Arkansas 

Florida 

Georgia 

Kentucky 

Louisiana 

Maryland 

Mississippi 

North Carolina 

South Carolina 

Tennessee 

Texas 

Virginia 

West Virginia 


814 

1527 

2715 

1849 

158 

1687 

231 

976 

836 

706 

3849 

1685 

2031 

324 


564 

900 

1939 

1486 

138 

1059 

177 

723 

559 

528 

2679 

1186 

1058 

237 


*Includes all breeds and classes. 

tThis column actually represents “cow years”, as many cows were used 
more than one year. 

the open and pregnant categories, and if in fact a greater propor- 
tion of these cows had been pregnant than the ones actually in- 
cluded in the study, then the reported data would be biased in a 
downward direction. In an effort to eliminate any question as to 
how the cows that were removed for other than reproductive rea- 
sons would affect the data, the percentages reported have been 
calculated as percentages of the cows in the herd at breeding 
minus those removed for other than reproductive causes. 

The factors included in the study of cow reproduction are: (1) 
percentage of cows removed for reproductive causes, (2) per- 
centage of cows giving birth to calves, both dead and alive, and 
(3) percentage of cows weaning calves (this does not include 
calves sold before weaning) . The number of cows in the four-year 
study, the percentage removed for reproductive causes, and the 
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calving percentages for each of these years arc shown in Table G. 
It should be noted that some cows are represented more than 
one year. The low weaning percentage in each of the four years 
exemplifies the seriousness of the low beef cattle reproduction 
rate in the Southeastern United States, as reported by Wiltbank 
et al., 1961; Warnick et al., 1960; Damon ct al., 1959; Cobb ct ah, 
1964 : England et ah, 1963 ; and Koger ct ah, 1962. 

Table G. — Averages for Year and Mating System for Three Traits 
Expressed as Percentages of Cows in the Herd at Rrefding. 
Minus Those Removed for Other Than RErRODUcriVE Causes* 


Percentage 

Number remo\td for Calving 

Effects in herd reproductive percentage 
STUDIED AT BREEDING CAUSF.S (BORN) 


Calving 

PERCENTAGr 

(wriSTD) 


Mean 

10,388 

7.9 

77.3 

C9.1 

Years 





1057 

4,250 

7.8 

78.8 

73.7 

1058 

4,C81 

7.5 

74 C 

C98 

1050 

5,11G 

5.9 

8.«.C 

fi7 7 

loco 

5,341 

10.5 

C7.3 

fi'. ' 

Mnlinp System 



8«.0 


Hand 

1,554 

5.8 

tJ S 

Pasture 

1C.205 

0.5 

899 

77.2 

A. I. 

1,539 

17.4 

51.1 

I'"* t 

•KfTi'ct of breed was rrmovetf. 
'^ero all one brecti. 

50 that the 

prree*-!sirei are i 

ti if Cl' 
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yearlings and 57.1 per cent when used as two-year-olds. Twelve 
bulls used for natural service at the Front Royal station from 
1956 to 1958, and for artificial insemination from 1950-1960, had 
conception rates of 78.5 per cent and 50.4 per cent from natural 
and artificial breeding, respectively. Conception rates of cows 
bred twice during a single heat period were not different from 
those of cows bred only once. Lactating cows were not found in 
estrus as early as dry cows and yearlings, but had a distinctly 
higher conception rate. 

In the survey, some states had higher calving percentages for 
cows nursing a calf when bred than for cows bred when dry, while 
other stations had the reverse situation, as indicated in Table 7. 
Eleven states culled more cows bred when dry for reproductive 
reasons than those bred when nursing a calf, while two states 
culled more cows bred when wet than those bred when dry, and 
one state culled an approximately equal percentage of each type. 
The culling practice in most states of removing more of the cows 
bred when dry for reproductive failure than those bred when wet, 
undoubtedly, has an effect on the fact that in many of these same 
states, cows bred when wet gave birth to and weaned a larger 
number of calves. In only four states, Florida, Louisiana, Ken- 
tucky, and West Virginia, cows bred when dry gave birth to and 
weaned a larger number of calves than those bred when nursing 
a calf. The percentage of calves born in each lactation status was 
about equal in Virginia, but this state showed a slight advantage 
in weaning percentage for cows bred when wet. 

Workers in Louisiana (England et al, 1963) and in Florida 
(Koger et al., 1962) have reported higher conception rates in 
non-lactating cows than in dry cows, but both studies indicated 
that this difference was not consistent in all breeds. The Florida 
study also indicated that cows bred when dry had similar wean- 
ing percentages on different types of pastures, while those bred 
when wet had a marked advantage in weaning percentage for 
improved pastures, in comparison to native ranges. 

Calving percentages for the different ages of dam represented 
in the S-10 survey was similar in each of the four years. How- 
ever, cows bred when dry surpassed those bred when wet for 
the two and four-year-old age groups in both per cent born and 
per cent weaned, while those bred when wet excelled in these 
factors in the three-year-old group, as shown in Table 8. Wilt- 
bank and Harvey (1963) reported weaning percentages of 77.1 


Table 7.— Averages for Three Reproductive Traits Expressed as Per- 
centages OF Cows IN THE HERD AT BREEDING MINUS THOSE 
Removed for Other Than Reproductive Causes for State and 
Lactation Status* 


Effects 

studied 


Number 
IN herd 
at breeding 


Percentage 
removed for 
reproductive 

CAUSES 


Calving 

percentage 

(BORN) 


Calving 

percentage 

(weaned) 


Over-all mean 19,388 


Alabama 


Wet 

545 

Dry 

269 

Arkansas 


Wet 

768 

Dry 

759 

Georgia 


Wet 

1,158 

Dry 

691 

Florida 


Wet 

1,859 

Dry 

856 

Kentucky 


Wet 

117 

Dry 

41 

Louisiana 


Wet 

982 

Dry 

705 

Maryland 


Wet 

177 

Dry 

54 

Mississippi 


Wet 

663 

Dry 

313 

North Carolina 


Wot 

556 

Dry 

280 

South Carolina 


Wet 

441 

Dry 

265 

Tennessee 


Wet 

2,466 

Dry 

1,383 

Texas 


Wet 

1,121 

Dry 

564 

Virginia 


Wet 

1.0S7 

Dr}- 

944 

West Virginia 


Wet 

2SS 

Dry 

36 

•Effect of breed was : 

all of cr.e breed. 


7.9 

0.0 

10.1 

6.0 

15.9 

5.8 

12.4 

13.7 

13.4 

6.2 

0.0 

10.1 

13.1 

2.4 

13.9 

7.5 

9.5 

6.8 

13.9 

1.8 

7.5 

10.0 

16.3 

3.4 

7J 

1.8 

33 

4.9 

3-0 


M that rer«=tJ 


77.3 

69.1 

71.4 

66.0 

68.6 

60.2 

67.8 

65.4 

60.7 

55.7 

83.0 

79.6 

77.2 

68.5 

72.1 

69.3 

80.5 

75.8 

73.0 

69.5 

100.0 

100.0 

G7.7 

C0.3 

73.2 

60.7 

85.7 

81.8 

70.5 

58.2 

78.C 

72.1 

71.6 

C4.7 

83.7 

74.0 

81.9 

CC.2 

7C.C 

72.9 

71.4 

62.2 

— p. 

63 5 

CS.7 

55 9 

8‘* 7 

76.7 

73.5 

65.7 

76.9 

61 9 

77.6 

€0 2 


C'c 0 * • 


arr as if n'tlr *srfr 
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and 63.2 per cent, respectively, for first-calf two-year-old and 
three-year-old Brangus heifers which dropped live calves. They 
also reported calving percentages of 58.2 for three- and four- 
year-old cows bred when wet and 79.5 for a similar group bred 
when dry. In this same study, five- to ten-year-old cows bred 
when wet had a calving percentage of 73.4, as compared to 82.1 
per cent for a similar group bred when dry, and cows eleven 
years old and older, bred when wet, had a calving per cent of 
63.4, while those bred when dry had 76.9 per cent. Roger et al. 

Table 8.— Averages for Three Reproductive Traits Expressed as Per- 
centage OF Cows IN THE HERD AT BREEDING MINUS THOSE 

Removed for Other Than Reproductive Causes, for Age of 
Dam at Breeding and Lactation Status* 


Effects 

STUDIED 

Number 

IN HERD 

AT BREEDING 

PERCENTAGE 
REMOVED FOR 

REPRODUCTIVE 

CAUSES 

CAV/ING 

PERCENTAGE 

(BORN) 

CALVING 

PERCENTAGE 

(WEANED) 

Over-all mean 19,388 

7.9 

77.3 

69.1 

Two-year-olds 




Wet 

806 

7.0 

71.5 

66.5 

Dry 

4,329 

7.6 

78.3 

72.3 

Three-year-olds 




Wet 

2,337 

7.4 

82.6 

76.1 

Dry 

948 

7.1 

77.9 

67.3 

Four-year-olds 




and older 





Wet 

9,085 

16.1 

76.0 

64.0 

Dry 

1,883 

12.8 

78.3 

70.9 


•Effect of breed was removed so that the percentages are as if the cattle 
were all one breed. 


(1962) reported that age of cow had a pronounced effect in both 
classifications, with the lowest reproduction occurring in the two- 
and three-year-old heifers, increasing to a peak at six or seven 
years, and remaining nearly constant to 18 years of age for those 
bred when dry, while declining slightly for those in the group 
bred when wet. However, lowered reproduction of young cows 
was more pronounced in lactating females. A study by Meade 
et nl. (1961) indicated that reproduction rates reached a peak in 
Brahman cows at approximately six years of age and declined 
somewhat thereafter. In a study including Angus, Hereford, and 
Shorthorns at the Front Royal station and Brahman, Brahman- 
Angus, and Africander-Angus, based on crossbred foundations, 
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at the Jeanerette station (Wiltbank et at, 1961)*, the proportion 
of heifers ajid wet cows which conceived at first service was 
similar at Front Royal, but the conception rate of cows bred 
when dry was lower. At the Jeanerette station, the conception 
rate of the Brahman-Angus was quite low in first-service con- 
ceptions. 


Effect of Breed 


In reporting differences in reproduction rates among breeds at 
the Jeanerette station, DeRouen et at (1963) indicated concep- 
tion rates of 66 per cent for Sindhi cattle, 80 per cent for Brah- 
man, and 82 per cent for Angus. The Angus raised 92 per cent 
of their calves to weaning, while the Sindhi and Brahman raised 
80 and 71 per cent, respectively. Six per cent of the Sindhi 
cows refused their calves at birth or shortly thereafter. Wilt- 
bank et at (1961) reported considerably higher conception rates 
for Angus, Hereford, and Shorthorn cattle at the Front Royal 
station, in comparison to cattle containing Brahman breeding 
Brahman-Angus, Africander-Angus, and Brahman at the Jean- 


erette station. , . j ao u a 

Since data involved in the four-year survey included 98 breed 
and breed-cross groups, some of which were located at on y one 
station, no attempt was made to estimate the effects on repro- 
duction of all these breeds. However, the reproduction data on 
six straightbred groups, Angus, Brahman, Brangus, we or , 
Santa Gertrudis, and Shorthorn, were studied for the efTect of 
breed group and lactation status, as showm in Ta e . 

Approximately 9 per cent of all cows studied were cuned for 
reproductive reasons. A slightly larger propor ion o 
was culled in the Angus, Brahman, Hereford, and Shorthoro 
breeds, and a slightly larger number of wet cotts was cullet 

the Brangus and Santa Gertrudis breeds. „„,i„i tansp 

The Angus and Hereford cows bred when wet exceed*^ those 
bred when drj- in both the per cent of calves “"‘1 
weaned; while in the other breeds, cows bre<l ".ho" h^d the 
higher calving per cent, with the e.xception of the Shorthorns in 
w^th cowirbred when dr,- e.xcelled in calv« ho™ "nd those 
bred when wet excelled in calves weaned, ^hif ‘hffore"oe ly he 
Shorthorn breed group was small _ i* j 

ences between these groups in the other breeds. The co.^s b.e<i 
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when wet exceeded those bred when drj* by approximately 9 per 
cent in the Anpus and 8 per cent in the Hcrefords in weaning per 
cent; while the cows bred when drj' exceeded the co\vs bred 
when wet by approximately 4 per cent in the Brahman breed, 4 
per cent in the Brangus, and 15 per cent in the Santa Gertrudis, 
which indicated that in cowa having some Brahman breeding the 
cows broil when drj* tended to have a higher conception rate 
and. consequently, weaned more calves than cows bred 'when 
wet. The opposite of this was true for cows of British breeding. 

TAt-ij: p. — ANTHiAcn-s j'on Tiiwx IlEi'Robucrivr. Traits Expressed as Per- 
a:.s*TACES or Cows ik the Herd at Breeding Minus Those 
Rehoved for Other Than Reproductht Causes, for Breed 

AND LaCTATIO.N STATUS* 


Percentage 


Ki ncTs 

NuMPru 

REMOVED FOR 

CAI.VING 

Cauvinc 

IS HETl) 

nrPRODl’CTHT. 

PERCENT;! cr. 

PERCENTAGE 

JTTV'MrO AT I'RI'EPINO 

Causes 

(riORN) 

(WEANED) 

Ovff.nU mtan 


B.7 

76.5 

C7.8 

Brwilx l.actallcin 



Ar>rm 





Wft 

a.'j.Tf; 

B.4 

8U 

76.7 

Dry 

Brahman 

2.t4: 

ea 

75.5 

GQ.7 

Wf‘. 

.137 


7K1 

57.1 

Pry 

Brart;u« 


8.7 

73.7 

Cl.1 

Wr*. 

n^v-i 

OJ 

72,5 

6.'».4 

Dry 

lltrt-ftrJ 

202 

8.0 

73.5 

C3.3 

Wr*. 4/,*, 5 

Pry ir.ii:* 

P»-.'.a G:rtTu4U 

8.1 

8.H 

82.7 

77.7 

77.2 

Wf. 

Pry 

154 

3.0 

8.4 

C8.0 

Ki.a 

cn.c 

78.5 

W«‘ 

Pry 

r.i'i 

8.4 

8 3 

72.4 

74.8 

f.C.4 

C2.5 
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formed at nearly the same level, while lactating cows showed 
wide breed differences in weaning per cent, with some breeds 
being 19 per cent below average weaning percentage and some 
18 per cent above the average. 

Age of puberty in heifers of various breeds and crosses has 
been studied in several experiments in the Southeastern United 
States. Reynolds et al. (1963a) estimated the age of puberty of 
Angus, Brahman, and first crosses to be 433, 816, and 460 days, 
respectively. Inter se bred Brahman-Angus and Africander-An- 
gus heifers averaged 431 and 542 days, respectively. Angus 
heifers, averaging 536 pounds, were lightest in weight at puber- 
ty; first-cross Brahman-Angus averaged 666 pounds, straight- 
bred Brahman averaged 706 pounds, Brahman-Angus averaged 
639 pounds, and Africander-Angus averaged 623 pounds. Tem- 
ple et al (1961) indicated large differences between breeds for 
of puberty. The Angus heifers came into heat earlier- about 
1 year of age; Herefords were next at 17 months of age, and 
Brahman at 23 months of age. 


Calf Losses 

Wiltbank et al. (1961) indicated that one of the factors in- 
volved in loss of the potential calf crop was death of the calf at 
or shortly after the time of birth and that failure to conceive or 
embryonic death occurring before first examination for preg- 
nancy represented the most important factor in reducing calf 
crop. In a study involving vitamin A injections during pregnancy 
at the Front Royal station (Meachara et al., 1964a), 6.6 per cent 
of those receiving vitamin A gave birth to still-born calves, in 
comparison to 8.8 per cent for those not receiving the vitamin 
A. Post-natal mortality was 8.1 per cent for those recenmg m a 
min A and 16.5 per cent for those not receiving the supp - 
ment. Further work by these men indicated that suppleme . - 
tion of vitamin A had a favorable effect on calf losses dur np 
the first year, but differences between treated and non-trcateu 
groups in a subsequent year were not „..eale<i 

The survey of experiment station herds in t treater 

that calf losses in most states, as shown m Table ^ 

for cows which had been dr>' the previous season, a . 

"as a large variation in differences between wet a . 

The calf losses and weaning percentages (does not include c,.! 
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sold before weaning) are expressed as percentages of the total 
number of calves bom. Calf losses in the first 36 hours exceeded 
losses between 36 hours and weaning time by approximately 6 
per cent. In general, cows which had been bred when wet weaned 
a greater proportion of the calves bom. 

The percentage of calves dead up to 36 hours, expressed as a 
percentage of the total number bom, was greater for cows brefl 
when dry. However, the difference between the wet and drj 
cows was considerably greater for three-year-old dams than for 
either the two-year-old dams or the four-year-old and older 
dams, as shown in Table 11. Even though calf losses from 36 


Table 11.— Averages for Three Factors Affecting Calf 
Percentages of Calves Weaned. Expressed 
OF CALVES Born, for Ace of Dam at Breedlsg and Uctatios 
Status* 


Effects 

STUDIED 

Pfjicentace 
DEAD UP TO 

30 HOURS 

Percentage 
DEAD, 30 
HOURS TO 
UT-4N1NC 

Ovcr.all mean 

0.9 

0.7 

Two.ycnr-olds 

Wet 

4.3 

0-T 

Dry 

6.4 

1.0 

Thrco-ycar-olds 

Wot 

4.2 

l.I 


11.0 

0.3 

1 fur-year-olds 
older 

Wti 

3.1 


Dry 

5.3 

OS 


lYnrrsTA^.r 
w r » ^ rp 

P-) I 

0 

i 
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Summary 

Data collected from 1957 to 1960 on reproduction and calf 
losses in beef herds in the fourteen southern states comprising 
the Southern Regional Beef Cattle Breeding Project, S-10 were 
analyzed separately for reproduction of the cows and for calf 
losses. The factors studied which affected cow reproduction 
were: (1) percentage of cows removed for reproductive causes, 
(2) percentage of cows giving birth to calves, both dead and 
alive, and (3) percentage of cows weaning calves. The factors 
studied which affected calf losses were: (1) percentage of calves 
dead up to 36 hours, including those dead at birth, (2) percent- 
age of calves dead 36 hours to weaning, and (3) percentage of 
calves weaned. 

These data indicate that weaning percentages for beef cattle 
in the South are low and that there is considerable variation 
among states. Whether cows were wet or dry when bred affected 
subsequent birth and weaning percentage. 

Cows of British breeding that were wet when bred exceeded 
those bred when dry, for weaning per cent, while cows having 
Zebu breeding showed the reverse trend. 

The percentage of calves lost from birth to weaning, expressed 
as the percentage of total calves born, was less for cows bred 
when wet than for cows bred when dry. 



A. C. WARNtCK 
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Reproductive Performance in Florida 


Florida has had the lowest per cent calf crop of all states in the 
U.S.A. for many years, according to the U.S.D.A. figures. In the 
U.S.D.A. report for 1965, the calf crop for Florida was 76 per 
cent, which is approximately 11 per cent below the national aver- 
age. Although this position is not good, it points up the impor- 
tance of studies to determine the reasons for this low reproduc- 
tion rate. All data presented in the following tables are based on 
the number of cows in the herd during the breeding season. 

Age and Lactation Factors in Reproduction 

In an earlier survey (Warnick et al., 1960) of over 10,000 
cows, a comparison "was made of age and lactation status in 
ranch and experiment station herds. The overall pregnancy rate 
on 13 ranches was 69 per cent (Table 12) compared to 1 1 per 
cent in five station herds. It is possible that a higher nutritional 
plane and a more carefully controlled breeding season in station 
herds would explain a part of this difference. However, this 
comparison is not so important as the age and lactation difleren- 
ces. The 61 per cent pregnancy in two-year-old heifers being bred 
for the first time is verj’ low. This low level would indicate that 
many heifers had not come into heat as a result of inade<iuate 
nutrition and were too small. In one ranch where heifers were 
small and the ovaries were underdeveloped, only lo per cent 
were pregnant after a four-month breeding season. 

In both three- and four-year and older cows there wa-» a lov.cr- 
0(1 pregnancy rate in cows lactating during the bretrdir.g .'•ea.«on 
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(Table 12) . This lowered reproduction in the lactating cow is also 
shown in Table 13, in which the lactating cows weaned 21 per 
cent less calves than the nonlactating cows. From other studies 
it appears that the problem is a failure of ovarian activity and 
heat rather than conception. Since the energy requirements for 
lactation are much higher than a nonlactating cow, it is possible 
that there is inadequate forage to satisfy the requirements for 
lactation and reproduction. Nutrition in the young lactating cow 


Table 12. — Age and lactation Effect on Pregnancy Percentage in 
Florida Cows (1953-1967) 
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Table 14. — Ranch Differences in Pregnancy Percentage 


Ranch No,* 

Pregnant 

Ranch No.* 

Pregnant 

1 

48 

7 

61 

2 

49 

8 

65 

3 

54 

9 

73 

4 

65 

10 

80 

5 

58 

11 

83 

6 

60 

12 

84 


13 89 


*No. cows per ranch varied from 107 to 1,233. 

Year Differences 

The average calf crop in 14 to 17 commercial ranches from 1959 
to 1963 was 71 per cent (Table 15) which is similar to the 69 per 
cent pregnancy rate in Table 12. There was an increase from 67 
per cent in 1959 to 75 per cent in 1963, indicating some improve- 
ment is being made. Similar improvement is shown in Table 16 
where the pregnancy rate went from 67 per cent in 1953 to 80 
per cent in 1957, In another study of 11 ranches (Table 17) the 


Table 15. — Calf Crop Percentages on Ranches in 
South Florida 

Various Years in 

Year 

No. Ranches 

Calf Crop 

1959 

15 

67 

19G0 

1C 

71 

19G1 

15 

67 

19G2 

14 

73 

19G3 

17 

75 

AveiaRC 

IG 

71 

Source; Alston (19G3). 


Table IG. Year Differences in Precna.n’cy Rate in Florida 


Year 

No. Cows 

i'EJXNA.VCY 

1953 

759 

e7 

1954 

I,SG3 

€Z 

1955 

1,465 

f? 

1950 

4.746 

* ^ 

1957 

1,337 

SO 

Total cows and avcrafre 

10.170 

71 
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Table 17, Comparison of Calf Crop on Eleven Florida Ranches 


Year 

AVG. No. cows 

% CALF CROP 

1961 

1,202 

65 

1962 

1,314 

72 

1963 

1,393 

76 


Source: Alston (1964). 


calf crop was 65 per cent m 1961 compared to 76 per cent in 1963. 
It is suspected that these increases were a result of ranchers be- 
coming aware of their low reproduction rate and taking steps to 
improve their management programs. However, it is realized that 
year to year variation in rainfall, forage production, etc., can in- 
fluence calving percentage so it is difficult to evaluate overall, 
long-term improvement in reproduction. 

The pregnancy rate from 1953 to 1964 shown in Table 18 for 


Table 18.~Pregnancv Rate in Crossbred Cows at Beef Research Unit, 
Gainesville, Florida 


Year 

Pregnancy 

Year 

Pregnancy 

1953 

44 

1959 

92 

1954 

55 

1960 

93 

1935 

82 

1061 

93 

1956 

86 

1962 

96 

1957 

88 

1963 

95 

1958 

88 

1964 

92* 


•1933 to 19fl3 — 3 month brcedinp season; 1964 — 2% month breeding season. 


crossbred cows at the Beef Research Unit in Florida indicates 
that improvement can be made in reproduction. These percent- 
ages arc based on all females two years and older which were 
bred during a three month breeding season (except in 1964 when 
a month breeding season was used) beginning on March 1. 
The culling procedure for reproduction was to cull all the orig- 
inal cows after the second failure to become pregnant either in 
consecutive or alternate years. All replacement heifers not preg- 
nant after the fir.st breeding season were culled. In later years 
all nonpregnant cows were culled. A marked increase in repro- 
duction occurred in 1955, probably ns a result of culling many of 
the original cows with low fertility and the addition of the first 
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group of replacement heifers, three-fourths of which were sired 
by British bulls. The nutritional level was improved, which could 
account for a part of the increased reproductivity. The most im- 
portant fact is that the reproductive level increased from a low 
rate to a very satisfactory level in a relatively short period. 
Ranchers should be able to make similar progress by culling non- 
calving cows, by improving the nutritional plane and improving 
the overall management system. 

Summary 

The calving rate in Florida commercial cows appears to be ap- 
proximately 70 per cent, which is 16 per cent below the national 
average. However, surveys from two sources indicate ranchers 
are increasing their calf crops in recent years. Since some ranch- 
ers are getting good reproduction, it would indicate that the cli- 
mate in Florida is not an important limiting factor. The variation 
in pregnancy rate on 13 ranches varied from 48 to 89 per cent, 
indicating that by good management a satisfactory calving rate 
can be attained. 

The low reproduction rate in heifers being bred for the first 
time indicates they are not of adequate size or sexually mature. 
This is probably due to inadequate nutrition, especially during 
their first two winters. Since cows lactating during the breeding 
season had lower pregnancy rates than nonlactating cows, it 
would appear that nutrition is inadequate for milk production and 
reproduction, especially in young cows. 

A marked improvement in calf crop has been demonstrated at 
the Beef Research Unit Station herd at Gainesville, Florida, 
where strict culling for failure of pregnancy is practiced, an ade- 
quate year-around nutritional level is maintained and the breed- 
ing season is properly controlled. Ranchers should be able to in- 
crease their reproductive rate by recognizing the problem, culling 
the nonbreeders, having adequate nutrition, and improving their 
overall management, including control of the breeding season. 



L S. POPE 


Winter Feeding 

and Reproduction in Cotvs 


One of the most striking trends affecting the beef industry is 
the increasing proportion of total beef cattle represented by 
breeding age females (40 per cent of total beef cattle numbers). 
The trend has been very evident since World War II and is even 
more striking when we consider that total beef cattle numbers 
have almost doubled during this period. That we have more beef 
cows is a direct reflection of the more intensive systems of pro- 
duction prevalent today, with a short interval from birth to 
market. 

The second important item is where the nation’s beef cows are 
located. No other area has advanced as rapidly in beef numbers 
as the Southeast. The 11 Southeastern states, which had only 14 
per cent of the nation’s beef cows in 1945, now have nearly 25 
per cent of the total. 

Florida, with approximately 800,000 beef cows, ranks 3rd be- 
hind Mississippi and Louisiana among the 11 Southern states. 
With long grazing seasons, improved parasite and disease control, 
and Bermuda or other improved pastures, the Southeast has made 
tremendous strides in the production of feeder calves. Moreover, 
the quality of cattle in this area has improved rapidly. This has 
occurred while other significant changes have been taking place 
in the beef industry, i.e., a shift in cattle feeding to the Plains 
states and West Coast, and a surprising increase in beef cow 
numbers in the Corn Belt. 

This ser\’cs to emphasize that the beef business is dynamic, 
and that many more changes will come about as we seek greater 
production at reduced cost. No longer can one geographic area or 
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state lay claim to superiority or an “insulated position” in the 
beef business. This is especially true with cow-calf and feedlot 
operations. As we expand beef production, it is obvious that we 
need to improve production from the brood cow — the weakest 
link in the endless chain representing the beef industry. 


Nature of the Beep Female 


Let us consider first the special characteristics that set a beef 
cow apart from females of other species. Beef females are slow 
to reach sexual maturity and begin reproduction at a later point 
in life than the sow or ewe. The growth period is longer than is 
common in many other species, and nearly five years are required 
before an average beef cow reaches her peak in body weight and 
size. 

A long gestation period is required to produce a live calf, with 
less than one offspring yearly (considering an 85 per cent calf 
crop). The calf at birth represents less than 7 per cent of the 
body weight of an average beef cow. Milk production is notorious- 
ly low in beef females, and the lactation curve appears to be more 
abrupt than is the case with dairy cows. At the Fort Reno (Okla.) 
Station one summer, the 6 best four-year-oM cows in an experi- 
mental herd averaged only 14,3 pounds of milk daily from March 
to September. . 

The useful life span of the average range cow in most herds is 
probably less than 7 calf crops. In a recent survey involving 776 
cows in a large purebred herd in Oklahoma, the average beef co\v 
lasted only 9.2 years and left only 4.6 offspring in the herd. Such 
attrition in cow numbers means that nearly 1/3 of all beifer 
calves dropped must be retained as replacements. From 2.5 to 
3.5 years may elapse from the time a heifer is born un i s e 


weans her first calf. , t r ^ 

Because of the way she is fed and managed, a nura er o ac 
tors must be considered when w'e look at the nutntiona spec rum 
of the beef female. During the summer, cows on good pasture can 
store up large body reserves of energy, vitamin A, ca 
phosphorus. These can be used to meet a part of her needs during 
the winter while on sparse feed. This is strictly an a \ an 
helps cut wintering costs. On the other hand if 
so that she fattens excessively, milk yields ® 5°'^ - 

ducod and life span shortened. Fertility may be impaired and a 



FACTORS AFFECTING CALF CROP 


34 

higher disease loss may occur as the result of superabundant 
feed. 

Cow-calf operators must take a close look at the financial re- 
turn from the 3.5 tons of dry matter required each year to main- 
tain a brood cow. Generally, the yield of saleable calf is far less 
than 400 pounds per cow, considering average weaning weights 
and 85 per cent calf crops. 

In many areas of the South, supplemental winter feed is neces- 
sary. Often considerable roughage must be fed at rather high 
cost to bring a cow through the winter. Because winter feed is the 
most expensive item in many operations, researchers have tried 
to reduce this “overhead cost” of maintenance by a better knowl- 
edge of the exact needs of the beef cow. 

Level of Wintering Experiments 

In the following discussion we will draw on results from experi- 
ments at several stations, notably the good research at Nebraska 
and Florida, as well as that obtained from U.S.D.A. studies over 
the past few years. One of the most extensive has been Oklahoma 
winter feeding studies, largely at the Ft. Reno Station. 

Cow-herd experiments at this station have been in progress for 
over 20 years, chiefly at the Lake Blackwell range unit in north 
central Oklahoma and at Ft. Reno in the central part of the state. 
In both areas, beef females, from weaner heifer calves to mature 
cows, have grazed native range grass year-long, with protein and 
mineral supplements during the winter period (November to mid- 
April) as needed to produce the desired gain or loss. 

In one project alone, we now have data on more than 680 beef 
females and 1,930 calves from cows fed different amounts of 
winter feed. In one study, the cows have been on continuous tests 
for over 14 years to determine the accumulative effects of differ- 
ent winter feeding regimes. In other studies, the effects of plane 
of nutrition have been observed with fall-calving cows, and in 
another study 12 sets of identical twins were used to obtain basic 
data on growth, fertility and milk production. 

From an overall standpoint, it is most meaningful to divide the 
nutrition of a beef female into three categories: (1) Early 
growth and development to 18 months of age, which includes the 
first breeding performance and recovery from winter loss on 
summer grass, (2) nutrition of bred yearlings and young cows. 
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including the effects of winter feed on time of calving, per cent 
calf crop weaned, rebreeding, average weaning weight and cost 
of production, and (3) the mature beef cow, as different winter- 
ing regimes may affect total calf output, life-span in the herd, 
and the cause of removal from the herd or death loss. 

Obviously, there is much we know and do not know about the 
best and most economical way to rear a replacement heifer, get 
her into production at an early age, and maintain her at the high- 
est fertility level over the longest life span possible. In other 
words, the problem is to get the greatest possible “turn off of 
calf” at weaning — in line with most economical production. 

Different planes of winter nutrition were achieved in Oklahoma 
studies by varying the supplemental winter feed at frequent in- 
tervals to establish a prescribed gain or loss of body weight. 
“Low Level” heifers have been retarded the first winter as wean- 
er calves so that no gain was possible. The following year, as bred 
females, they were fed to lose 20 per cent or more of fall weight 
by spring (after calving). In the “Moderate” regime, heifer 
calves gained 0.5 pound per day, or 75-100 pounds during the first 
winter as calves. As bred females, they lost less than 10 per cent 
of fall body weight. 

Heifers on a “High Level” gained over 1.0 pound per head 
daily as weaner calves, and lost only 5 to 10 per cent of fall weight 
during the winter. In order to obtain an extreme plane of nutri- 
tion, a “Very High Level’^ was practiced where heifers w’ere full- 
fed on fattening rations for maximum gains each winter. In these 
studies, all heifers were bred to calve first as two-year-olds (Feb- 
ruary and March calving) . Ample pasture w'as available through- 
out the year, but the protein content of dry, weathered grass 
during the winter dropped to only 3 to 4 per cent. 

Nutrition During Growth and Early Production 

The period from weaning to 18 months of age is critical in the 
life of the young heifer. Results of 5 trials in which different 
levels of winter feeding have been practiced to 3.5 years of ap 
are summarized in Table 19. If fed poorly as a weaner calf, the 
yearling replacement heifer fails to reach sexual rmitunty and 
initiate a regular estrual cycle, as compai^ to "’elhied 
early enough to permit two-year-old calving (see a .e - 
the average, they conceive about a month later, e\ en on u^.. 



Table 19.— Effect of Winter Peed LEYfiLS* on Performance of Heifers 
TO 3.6 Years of Age in Oklahoma Trials (avg. of 6 trials) 



Low 

Moderate 

High 

Avg. initial weight at 8 mos., lb. 

486 

486 

486 

Avg. winter weight loss, lb. 

1st winter — weaner calves 

+8 

+90 

+155 

2nd winter — bred yearlings 

-166 

-100 

-38 

3rd winter — ^bred two-year-olds 

—146 

-60 

+20 

Avg. body weight, 3.5 years, lb. 

1000 

1061 

1099 

Avg. supplemental winter feed, lb. 

C.S. meal 

.40 

1.90 

2.35 

Ground milo 

.10 

.76 

4.50 

Avg. calving date. 

1st calf 

3/24 

3/7 

2/25 

2nd. calf 

3/25 

3/13 

2/27 

Avg. birth weight (sex corrected). 

1st calf 

64.3 

70.7 

73.7 

2nd calf 

71.0 

77.2 

78.6 

Avg. calf crop weaned, % 

let calf 

73.2 

79.6 

80.7 

2nd calf 

79.8 

85.6 

83.0 

Avg. weaning weight (sex corrected), 
1st calf 

347 

398 

429 

2nd calf 

376 

439 

474 

Avg. calf “turn-off /heifer" bred, 3.6 

years of age, lb. 

S54 

692 

740 


♦Winter gain or loss was achieved by varying the supplemental feed on dry 
grass at 2-week intervals. In general, Low females receive less than 1.0 
lb. of cottonseed meal and milo supplement per head daily, Moderates 2.5 
lb., and High 2.5 lb. C.S. meal and 4-(> lb. ground milo. A mixture of 2 
parts salt and 1 part bone meal was available, year-long. 


Table 20,— Effect op Winter Feed Level on Age op Heifers at Puberty 


Age in Months 


% Showing 1st Heat 


Low 

Moderate 

High 

9 

4 

4 


10 

17 

13 

30 

11 

30 

33 

47 

12 

47 

57 

70 

13* 

60 

64 

90 

14 

63 

73 

93 

15 

70 

90 

100 

16 

87 

97 

100 

17 

93 

100 

100 


•End of wintering period. 
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mer pasture, than well-wintered heifers, and many fail to breed 
at all during the first summer. 

In terms of body size, however, much of their skeletal pattern 
(nearly 70 per cent of mature height and length) is already es- 
tablished before the start of the first winter at 8 months of age. 
A low plane of nutrition during the first winter (8 to 13 months 
of age) seems to have only slight effect on height, length or width 
at maturity. Skeletal size and frame are recovered to a remark- 
able extent during the summer if pastures are good. 

If heifers are subjected to a low plane of nutrition as calves so 
as to lose weight from fall to spring, but are well-fed thereafter, 
Oklahoma studies show that the only significant carry-over effect 
seems to be delayed conception. However, if the summer pasture 
is insufficient following a poor wintering program, they may fail 
to come into heat at all during the mating season. The adverse 
effects of low winter feed levels on body weight or skeletal size 
seem to be recovered to an amazing degree if good summer pas- 
ture is available. This pattern for recovery has also been ob- 
served in U.S.D.A. studies by Winchester, using identical twins, 
where one member was retarded for a six-month period and both 
were then full-fed to slaughter condition. 

On the other hand, too liberal feeding during the groyrth period 
^ay be just as injurious to the beef female. A “Very High" plane 
of nutrition speeds up growth and development of beef heifers 
und thus increases their “physiological age” at first calving. How- 
ever, this may not be desirable in all respects. Excessive calving 
difficulty due to a large fetus and obstruction from internal fat 
may occur. Fatty deposits in the udder may result in poor milk 
yields. Early maturity and excessive feeding may actually shorten 
the life span of a beef cow. If the heifer does not conceive and 
calve before 27 months of age, fertilitj' is greatly affected by an 
excessively high plane of nutrition. _ 

With this in mind, the practice of “gain testing” a weaner heif- 
er calf to determine growth potential is a questionable one. 
Even creep-feeding a suckling heifer calf may be undesirable, if 
she is to be saved back as a replacement heifer. 

Nutrition During the First and Second Calf Crops 

The results of poor winter feeding as a bred yearling and as a 
two-year-old show up in (1) delayed calving which, in urn, m-j 
delay subsequent conception as a result of the first wm.er s trea.- 
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ment as a wcaner calf, (2) lighter birth weights of G to 8 pounds, 
with a less vigorous calf at birth, (although calving difliculty may 
not be increased because of the small fetus), and (3) reduced 
milk flow after calving and throughout the summer grazing 
period. 

As a consequence, weaning weights of calves from heifers win- 
tered for two or three conseciilive years at the Low Level have 
averaged 90 pounds lighter than those from }Iigh Level heifers. 
However, as the females advance in age, difTcrenccs become 
smaller (see Figure 3). The per cent calf crop weaned has been 
reduced about 5 per cent by poor winter feeding. A combination 
of fewer calves and lighter weaning weights has reduced the 




WINTER FEEDING AND REPRODUCTION 39 

weighing the calf in and out, twice daily, at monthly intervals 
during the summer. Low Level heifers produced only 60 per cent 
as much milk as those on the High Level (Table 21). Thi.s 
occurred even though the heifers were on excellent summer 
grass (see Figure 4). 

Dairymen have long recognized the importance of building up 
the female and the secretory tissues in her udder, prior to each 

Table 21. — Epfect op Four Different Winter Feed Levels on Growth 
AND Reproductive Performance of Beef Cows to 6.5 Yfabs 
OF Age. 



Low 

MODERAin 

IllOK 

Very 

Hicit 

Initial body wt. at 8 mos., lb 

473 

472 

475 


Avp. winter gain or loss, lb. 

Ist winter— calves 

-11 

97 

143 

:«o 

2nd winter — bred yearlings 

— 91f! 

-150 

-70 

150 

Gth winter — mature cows 

-283 

-25C 

-1C3 

197 

Avg. fall body wt at yr.. 

lb. 

1191 

1240 

12S9 

14‘0 

cows remaining at CH* yr. 

87 

87 

80 

80 

Avg. calving date, March 

17 

19 

2 

t 

Avg, birth wt., lb. 

73 

7C 

79 

70 

Cr Calf crop weaned 

83 

83 

87 


Avg. weaning wt, 

PCX corrected, lb. 

40i 

419 

471 

407 

Avg. daily milk prod., Ib. 

10.0 

11.3 

122 

10 I 

Total pupplemcntal feed 

cojt/cow, $ 

13.30 
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Table 22. — Influence of Level of Winter Feeding on Lifetime Per- 
formance OF Beef Cows, 1948-1962. 


Amount of Daily Winter Supplement 

TO Dry Weathered Grass/Head 

1 LB. CSM* 2% LB. CSM 2V^ LB. CSM 
3 LB. Oats 

No. heifer calves started 


on test, 1948 

30 

30 

30 

No. cows remaining, 1958 

27 

21 

18 

No. cows remaining, 

Oct. 12, 1962 

16 

11 

5 

Avg. cow-years on test 

12.7 

11.6 

10.7 

No. cows removed for: 

Failure to wean a calf two 

successive years 

6 

9 

9 

Cancer eye 

1 

4 

5 

Spoiled udder 

2 

1 

4 

Disease 

0 

1 

2 

Accidental death 

1 

0 

0 

Died at calving 

0 

0 

1 

Crippled 

1 

2 

1 

Foreign objects 

1 

0 

2 

Unknown 

2 

2 

1 

TOTAL 

14 

19 

23 

Avg. winter gain. Ib, 

As calves 

23 

60 

88 

As bred yearlings 

-90 

-52 

-26 

Avg. for 1950-60 period 

-162 

-159 

-115 

Avg. mature body wt., Ib. 

1142 

1147 

1191 

Reproductive performance: 

Avg. birth wt., Ib.t 

77.6 

77.6 

78.K 

Avg. weaning wt., Ib.f 

479 

482 

4'‘'J 

Per cent calf crop weaned 

90.3 

83.9 

83.H 

Cow-cost per cwt. 

calf weaned 

7.59 

10.69 



41 per cent cottonseed meal pellets 
tCorrecIetl for se.\ to steer equivalent 
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is evidence that cows on the lower feed levels are better “rust- 
lers” and more active in their grazing habits. This may have had 
a bearing on their mothering ability and shows up in the fact 
that only half as many calves were lost from birth to weaning in 
this group. 

Nutrition and life Span 

Due to the high cost and long interval required to develop a re- 
placement heifer and get her into production, a maximum life 
span of the beef female is of great economic importance. A longer 
life-span for top producing cows gives the breeder more oppor- 
tunity to select superior offspring for herd replacements. To date, 
few studies have been continued over a sufficient time interval to 
indicate whether or not winter feed levels affect life-span. 

In a group of females started on test as weaner calves in 1948 
and carried past 14 years of age, some estimate of this effect can 
be made (see Table 22). Thirty females in each of three groups 
were wintered on dry grass plus either 1.0 pound cottonseed meal, 
2.5 pounds of cottonseed meal, or 2.5 pounds cottonseed meal 
plus 8,0 pounds grain daily for each succeeding winter. The re- 
sults in terms of cow survival have been remarkable. At 14 years 
of age, with no culling other than for failure to raise a calf two 
successive years or for disease and unsoundness, there were 16, 
11 and 5 cows out of 30 started on test surviving from the 1.0 
pound, 2.5 pounds, or 5.5 pounds feed levels, respectively. Cows 
on the 1.0 pound level survived an average of 2 more years on 
test. 

The reasons for this longer life-span at the 1.0 pound level are 
not clear. It may be related to an elongated growth phase, which 
may add to the total life-span of the individual. Maintenance of 
smaller body size may be an advantage, as has been noted in the 
human. The “stress” imposed by the summer build-up and winter 
loss of body weight may be nature’s way of stimulating certain 
body processes for the good of the individual. If not carried to 
excess, all of these may act to prolong the health and useful life 
of a beef cow. 

Obviously, these effects can be reversed if severe undernour- 
ishment is practiced, or if the shortage of a specific mineral or 
vitamin A becomes acute. However, the data suggest that once a 
beef female meets her needs for optimum growth and reproduc- 
tion, superabundant feed may become a liability. This concept is 
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especially important to purebred cattlemen who “never let them 
go hungry” under the impression that such a practice increases 
the life-span, breeding efficiency, and productivity of a female. 

Summary 

Low planes of winter nutrition for the growing beef heifer 
have only a slight effect on the body weight and skeletal size at 
maturity, providing good recovery is possible on summer pasture. 
Estrus may be seriously delayed, or cease entirely, and this re- 
duces or “strings out” the subsequent calf crop. With older heif- 
ers, low levels of wintering can seriously affect milk flow on 
summer grass. Together, the combined effects of delayed calving, 
lighter birth weight, and reduced milk yield may seriously de- 
press weaning weights and the pounds of calf “turned off” per 
female maintained in the herd. 

Mature cows are able to withstand the effects of poor winter 
feed conditions to a remarkable degree, providing good summer 
pasture is available so that body weight can be maintained from 
fall to fall. Weaning weights of spring-dropped calves from ma- 
ture cows may be only slightly affected. Since the spring-calving 
female breeds back on good summer grass, the calf crop percent- 
age may not suffer. However, if feeding conditions are poor dur- 
ing breeding, the adverse effect on calf crop will be serious. 
Under fall-calving conditions, more feed will be required to meet 
the cow’s protein and energj* requirements, especially if we de- 
velop higher production in our females. 

Once the optimum plane of nutrition is reached for any age or 
condition, superabundant feed may prove both costly and detri- 
mental. Experiments indicate that the range between too poor 
and too high feed levels viag be quite jiarroic end critical. \\ heth- 
er or not beef heifers can be fed liberally early in life, then re- 
verted to a low level at maturity in order to combine the 
results of both systems has not been determined. For spring- 
calving heifers, the Jloderate program described above “eem^ to 
combine ontimum erowth and most profitable performanct*. 
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Level of Energy and Protein in Coivs 


Reproductive performance of a beef cow herd can be markedly 
improved by providing adequate nutrition. Nutrition improves re- 
productive performance by (1) causing heifers to have their first 
heat at an earlier age, (2) increasing the number of cows show- 
ing heat the first 21 days of the breeding season, and (3) in- 
creasing the number of cows conceiving at first service. 

^Results from 3 experiments show.xthat the age at first heat is 
dependent on energy level. In the first experiment heifers were 
fed 3 levels of energy and 3 levels of protein. Level of TDN fed 
was approximately 11 pounds in the high group, 6 pounds in the 
medium group and 3 pounds in the low group. Digestible protein 
level was over 1 pound in the high group, approximately 0.8 
pound in the medium group and 0.3 pound in the low group. All 
heifers receiving the high or medium level of TDN and either 
high or medium levels of protein came into heat (Table 23). 
Fourteen heifers out of 32 showed heat on the low level of TDN. 
However, most of these heifers showed heat only one or two 
times and then stopped showing heat. In fact, only 6 heifers con- 
tinued to cycle. Fourteen heifers out of 24 on low levels of pro- 
tein and either high or medium levels of energy showed heat. 
Four of these stopped cycling. Considerable variation in the in- 
take of feed was noted in these heifers on low protein level. 
Heifers eating the larger amounts of feed showed heat. The 
number of days from start of experiment to first heat did not 
appear to be related to feed level. We can conclude that a limited 
number of heifers on low energy levels will show heat. Low 
protein also limits the number of heifers showing heat prob- 
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ably by decreasing feed consumption and thus intake of cnerjo*. 

Winter feed level of heifer calves influences the age at first 
heat. For two years heifer calves were wintered on grass and I 
pound of protein supplement daily. They gained approximately 
0.5 pound per day during the winter. The following t^^o years 
heifers were fed alfalfa hay and grain. They gained approximate- 
ly 1 pound per head per day. Wintering heifers on the higher 
level of feed decreased the average time of first heat and inrren^- 
ed the number of heifers in heat at 14 and 15 months of age in 


Tapli: 23.— Timc or First IlnAT o.v DirrrjtrNT rj->rT45 Evrset asp 
PROmN 


Lrvrl of 

TDU Die ProMn 

No of 
hflfrr* 

A DG * 

C'-w — t 

Djt« t" 

I'j.* 

'►f * 

t . ‘■..J' 

i^f 

rr~ 

Illchdllb.) IliKh (l.llb.) 

12 


J2 

n' 

0 

Illcb Medium (0 0 lb.) 

12 


12 



Hlcb(01b.) Ix)w( 0 . 2 lb.) 

12 

.27 


112 

- 

Mr.!lutn (Clb.JlIUrb (l.ntl' ) 

12 

.• 1 

12 



Mwiium (C ^l.).^fcdlum (Ovjl..) 

12 

••1 

12 

* • 


Mr.)jum (Clb,)lx.w (('..nib) 

12 


K 


- 

Ixminlli.) Hlrbd.llb.) 

9 





lx)« Mrdium (0.7 lb ) 

11 

.12 




I/'« (4lb.) I/jw(0<lb) 

12 

n 





A>«rarr in 
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Table 24. Effect of Winter Feed on Age at First Heat 


Heifers wintered to gain Heifers wintered to gain 
0.6 LB. per head per DAY 1.0 LB. PER HEAD PER DAY 


Heifers in Heifers in 

HEAT BY; heat BY; 


Breed of heifer 

No. of 
heifers 

Aee at 
puberty 

14 

mo. 

15 

mo. 

No. of 
heifers 

Age at 
puberty 

14 

mo. 

IS 

mo. 



mo. 

% 

io 


mo. 

% 

% 

Angus 

30 

13.2 

B7 

77 

25 

11.2 

80 

92 

Hereford 

27 

15.2 

22 

41 

26 

13.8 

62 

77 

Shorthorn 

32 

13.8 

56 

91 

26 

10.6 

85 

92 

Crossbred heifers 









Angus-Hereford 

33 

13.2 

73 

91 

28 

12,0 

82 

96 

Angus-Shorthom 

35 

12,2 

77 

94 

31 

10.1 

97 

200 

Hereford-Shorthorn 

33 

12.7 

82 

94 

36 

10.0 

97 

100 


feed while heifers on the low level of feed gained from 0.6 to 
0.8 pound per day. 

There was little or no difference between breed groups in the 
age at first heat on the high level of feed, while marked differ- 
ences in age at first heat were noted in heifers on low levels of 
feed. All heifers except one (a Hereford-Angus crossbred) on 
the high level of feed had been in heat by 14 months of age (Ta- 
ble 25) . Only 12 per cent of the Hereford heifers on the low level 
of feed had been in heat by 14 months of age while 33 per cent of 
the Angus heifers and 70 per cent of the crossbred heifers had 
shown heat at this time. By 15 months of age there were still 


Table 2B. — Age at First Heat on Two Levels of Feed 


Level of 
feed 

Breed of 
heifer 

No. of 
heifers 

we. at 

5 mo. 

In lbs. AT) C.* 

12 

mo. 

Per cent in heuit by : 

13 14 15 

mo. mo. mo. 

16 

mo. 

Hight 

Angus 

12 

301 

1.7 

33 

58 

100 

100 

100 


Hereford 

Hereford- 

8 

288 

1.6 

12 

50 

100 

100 

100 

Lowt 

Angus 

17 

309 

1.8 

18 

76 

94 

94 

100 

Angus 

12 

317 

0.8 

0 

0 

33 


76 


Hereford 

Hereford- 

8 

297 

0.6 

0 

0 

12 

12 

12 


Angus 

17 

330 

0.8 

0 

12 

70 

88 

88 


•Average daily gain in pounds. 
tFull-fed. 

JGrass hay fed od ZiBieum plus 1 pound of 40 per cent protein supplement. 
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only 12 per cent of the Hereford heifers in heat but 75 per cent 
of the Angus and 88 per cent of the crossbred had shown heat. 

The results of these three experiments show that the age of 
first heat differs markedly in heifers wintered at different levels 
of feed their first winter or receiving different levels of energy 
from weaning to first heat. Low levels of protein may also delay 
first heat but this appears to be the result of decreasing the 
appetite and thus decreasing the amount of feed the heifers eat. 

More cows became pregnant when fed high levels of energy 
following calving. This increase resulted because more cows were 
bred early in the breeding season and more cows settled at first 
service. The results from 3 experiments will show the importance 
of energy level on reproductive performance. In the first experi- 
ment, mature Hereford cows were put on either a moderate or a 
low level of feed (9.0 pounds of TDN and 4.5 pounds of TDN) 
approximately 140 days prior to calving. The cows on the moder- 
ate level were divided at calving into a group receiving 16 pounds 
of TDN (moderate-moderate group) and a group receiving 8 
pounds of TDN (moderate-low group). The low group after calv- 
ing was divided also into a low-moderate group (16 pounds TDN 
after calving) and a low-low group (8 pounds TDN following 
calving). Weight gains varied according to feed level. Cows on 
the moderate level of feed prior to calving gained weight and 
were in good condition at calving time. Cows on the low level of 
feed prior to calving lost more than 100 pounds and were thin at 
calving time (Figure 5). After calving the weight of cows in the 
moderate-moderate group changed very little. Cow’s in the mod- 
erate-low group lost weight at the rate of more than 1 pound 
per day. Little change in weight was noted for cows in the low- 
moderate group from calving until GO days after calving; then 
they started gaining weight rapidly. Cows in the low-low group 
lost weight throughout the period after calving. 

Reproductive performance was related to weight gains or 
losses. Pregnancy rate of cows losing weight was low. Only 77 
per cent of the moderate-low cows and 20 per cent of the low- 
low cows became pregnant in a 90-day breeding .reason. In con- 
trast 95 per cent of the cows in the moderate-moderate and 
low-moderate group became pregnant (Table 26). The number 
of cows conceiving early in the breeding season was related to 
feeding level both before and after calving. Forty-three per cent 
of the cows in the moderate-moderate group. 32 per cent of the 
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COWS in the moderate-low Rroiip, 30 per cent of the cows in the 
low-mo<lerate proup, and 10 per cent of the cows in the low-low 
proup became pregnant in the first 20 days of the breedinfr sea- 
son. This same trend was apparent after 40 days of the breedinp 
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14 per cent of the cows in the moderate-low group failed to show 
heat during the breeding season. Conception rate at first service 
was 42 per cent for the moderate-low group and 33 per cent for 
the low-low group in contrast to 67 and 65 per cent for the mod- 
erate-moderate and low-moderate group. Thus, feed level after 
calving has a marked effect on the number of cows becoming 
pregnant in the breeding season. 

The low feed level prior to calving delayed the occurrence of 
heat. Sixty per cent of the cows in the low-moderate group were 

Before calving After calving 


low 



3/4 moderate (12.0 lb. TON) 

Moderate (16.0 lb. TDN) 

High (25.0 lb. TDN) 

Low for 30 days (8.0 lb. TDN) 
Moderate (16.0 lb. TDN) 


Low for 30 days (8.0 lb. TDN) 
High (25,0 lb. TDN) 

FIGURE 6. Outline of Experiment. 


not bred the first 20 days of the breeding season. This is in con- 
trast to 38 per cent in the moderate-moderate group. By the 40th 
day of the breeding season, the difference between the two groups 
was only 5 per cent. These data show that cows should be either 
gaining in weight at breeding time or should be in good condition 
with no weight loss occurring near breeding time. Poor repro- 
ductive performance in this experiment was the result of a fail- 
ure to show heat and a low conception rate. 

We next compared the reproductive performance of cows 
gaining weight at different rates following calving. Mature Here- 
ford cows were put on 4.6 pounds of TDN approximately 140 
days prior to calving. At calving time the cows were divided into 
5 groups receiving the following amounts of TDN: 12.0 pounds 
TDN (3/4 moderate), 16.0 pounds TDN (moderate), 25.0 pounds 
TDN (high), 8.0 pounds TDN for 30 days then 16.0 pounds TDN 
(low-moderate) , 8.0 pounds TDN for 30 days then 25.0 pounds 
TDN (low-high) . (See Figure 6 for outline) . 

All cows were thin at calving time. The weight gains after 
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calving varied according to the feed level. The 3/4 moderate 
group showed little change in weight from 28 days to 84 days 
after calving. The moderate group showed a slight increase in 
weight while a marked increase in weight was noted in the high 
group (Figure 7) . Cows on the low level of feed for 30 days lost 
weight rapidly during the 30-day period. Following this time a 
moderate increase in weight was noted in the low-moderate group 
and marked increase in weight occurred in the low-high group. 
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The poor reproductive performance in all groups was a result 
of a delay in occurrence of heat and a low conception rate at first 
service. Sixty-nine per cent of the high cows and 87 per cent of 
the low-high cows had not shown heat by the first 20 days of 
the breeding season. This is in contrast to 21 per cent in the 
moderate group, 86 per cent in the 3/4 moderate group, and 62 
per cent in the low-moderate group. Thus, the onset of heat after 
calving was delayed in cows on a high level of feed or on the low- 
level or 3/4 moderate level. The conception rate at first service 

dajB prior 

to calving After calrlng 


Moderate lerel 
(8.0 lb, TDM) 


Low level 
(*♦.3 It. TD^:^ 



High (22.0 lb. riar) 


Moderate (13.0 lb. TDM) 


lev (7.0 lb. TDM) 
FIGURE 8. Outline of Experiment. 


was 83 per cent for the high cows and 87 per cent for the low- 
high cows while the conception rate at first ser\-ice in the other 
groups varied from 31 to 54 per cent. 

These data show that cows gaining rapidly in weight following 
calving have better reproductive performance than cows making 
little or moderate gains. However, the onset of heat appear.^ to 
he delayed in cows on these high levels of feed. 

The next experiment involved 203 two-year-old Angu.s and 
Hereford heifers. They were bred as yearlings and started on 
experiment 140 dnv«: before expected calving. They were in drj' 
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Heifers were cheeked for heat with sterilized bulls wearing 
marking harnesses. All cows were bred artificially. The breeding 
started CO days after calving and ended 120 days after calving. 
JIcifcrH averaged 780 pounds nt the stnrt of the experiment 
(Figure 9). Heifers on the moderate level of feed had gainecl 133 
pounds when weighed a week before calving. By 24 hours after 
calving they averaged 790 pounds. These heifers were in good 
fiesli throughout the HO-day period before calving. 
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the moderate-moderate, moderate-low, and low-moderate groups 
became pregnant (Table 28). 

The number of cows becoming pregnant in the first 20 days of 
the breeding season ranged from 51 to 55 per cent for the mod- 
erate-high, moderate-moderate, and low-high groups while only 
33 per cent of the moderate-low cows and 34 per cent of the low- 
moderate cows became pregnant in this period. A few more cows 
were pregnant in the two high groups than in the moderate- 
moderate group by the 40th day of the breeding season. 

Table 29. — Keproductive Performance of First Calf Heifers on Various 
Levels of Energy and Protein 


Heifers 

SHOWING 

Daily heat after Ho. op 

INTAKE OF CALVING BY: HEIFERS 


Level of feed 
Energy Protein 

No. OF 

HEIFERS 

TDN 

Dig. 

PROTEIN 

CO 

DAYS 

90 

DAYS 

120 

DAYS 

BECOMING 

PREGNANT 




lb. 

lb. 

no. 

no. 

no. 


High 

High 

10 

15.6 

2.06 

8 

9 

9 

10 

High 

Medium 

10 

14.8 

1.18 

5 

8 

9 

9 

High 

Low 

10 

11.4 

0.40 

3 

6 

9 

10 

Medium 

High 

11 

9.4 

1.92 

-7 

8 

10 

11 

Medium 

Medium 

11 

10.4 

1.38 

5 

10 

10 

10 

Medium 

Low 

12 

9.1 

.60 

5 

6 

7 

10 

Low 

High 

8 

5.6 

1.86 

0 

0 

0 

0 

Low 

Medium 

10 

5.8 

1.20 

0 

0 

0 

1 

Low 

Low 

12 

5.6 

.46 

1 

1 

2 

4 


Again the differences in reproductive performance can be ex- 
plained on the basis of occurrrence of heat and differences in 
conception rate at first service. The number of cows not in heat or 
bred the first 20 days of the breeding season varied from 39 per 
cent in the low-moderate group to 19 per cent in the moderate- 
high group. Conception rate at first service varied from 73 per 
cent in the low-high group to 53 per cent in the moderate-low 
group and the low-moderate group. These results show that the 
reproductive performance of cow.s is improved when they are 
gaining weight following calving. 

Some work has been done on the effect of levels of protein on 
reproductive performance of cows suckling calves. The results 
indicate that a low level of protein may delay the onset of heat 
following calving. Three levels of energy and throe levels of pro- 
tein were fed in this experiment. Table 29 shows the amount of 
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TDN and digestible protein each heifer received. Four heifers 
in the high energy-low protein and 6 in the medium energy-low 
protein had not shown heat by 90 days after calving. This is in 
contrast to 1, 2, or 3 heifers in the high energy or medium energy 
groups on adequate protein. It should also be noted that only one 
heifer on the low level of energy had shown heat by 90 days post- 
calving. Low level of energy thus had a more marked effect on 
reproductive performance. However, low protein level also ap- 
peared to delay the onset of heat. 


Table 30.— Actual and Estimated Daily TDN Intake in Pounds by Lots 
IN Pasture and in Dry Lot by Months 


TDN INTAKE 

TDN 

EST. 

Group I 

TDN 

EST. 

Group II 

TDN 

EST. 

Group III 

TDN 

EST. 

Group IV 

December 

8.0 

8.0 

9.0 

9.0 

January, February 

4.5 

6.0 

12.0 

11.0 

March 

8.0 

8.0 

14.0 

14.0 

April, May, June 

16.6 

16.0 

16.6 

16.6 

July, August 

14.0 

16.0 

16.0 

14.0 

September, October, November 10.0 

9.0 

9.0 

10.0 


Source: Reynolds et al., 1964. 


Group I 
Group II 

Group in 

Group IV 


Pasture only (cows receive no supplementary feed). ^ 

These cows are on dry lot and fed to equal weight gams o 

These Mws are fed N.R.C. recommendations (9 Ib. of TDN 
whiledry, 16 1b. TDN while lactating). 

These cows are on pasture and are fed when necessa y 
•^veight gains equal to cows in Group III. 


The application of information gained in drj' lot to pasture 
conditions is difficult. An experiment has been conducted at the 
Iberia Livestock Station, Jeanerette, Louisiana. An attempt was 
iitade to increase reproductive performance bj supp emen mg 
pasture. Angus heifers were bred as yearlings and divided into 
4 groups. These were: group I receiving pasture only, group li 
in dry lot fed to make comparable gains to the^group on 
Pfoup in in dry lot receiving the level of TD^' „ 

the National Research Council (N.R.C.), and group 
supplemented so that gains were equal to tho>e in e ^ _ 

the K.R.c. level of feed. The main periods of supp.emenU n 
pasture were January, February, and March (Tab.e J ^ 

Reproductive performance was inarkedl\ impro^ei. . 
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supplementation. The number of cows pregnant by the 22nd, 
43rd, and 100th day of the breeding season was 1, 1, and 7 for 
the pasture only group and 5, 6, and 9 for the supplemented 
group on pasture (Table 31). Comparable reproductive perform- 
ance was noted in the groups in dry lot. 

Table 31. Pasture Supplementation and Reproductive Performance 

IN Louisiana 


No. cows pregnant 

22nd day 43bd day 100th DAY 
No. OP OF OP Settled 

Group lactating breeding breeding breeding first 

Gbovp no. cows season season season service 


Pasture only 

I 

13 

1 

1 

7 

% 

45 

Dry lot (equal 
gains to 
pasture) 

II 

12 

0 

0 

6 

36 

Dry lot (N.R.O. 
recommendations) III 

18 

0 

B 

11 

62 

Pasture 

(supplemented) 

IV 

11 

6 

6 

9 

73 


Source: Reynolds et al., 1964. 

For definition of Groups, see Table 80. 


The poor reproductive performance in groups I and II were a 
result of a poor conception rate at first service and a delay in the 
onset of heat after calving. Conception rate was 45 and 36 per 
cent for groups I and II compared to 62 and 73 per cent in groups 
III and IV. The delay in onset of heat can be seen by noting re- 


Table 32.— Percentage op Cows in Each Lot Showing Heat by Various 
Dates 


Percent cows showing heat by: 

Group I 

Group II 

Group III Group IV 

June 1, 1962 

23 

15 

85 

75 

July 1, 1962 

August 1, 1962 

75 

69 

100 

76 

92 

92 

100 

100 


Source: Reynolds et al., 1964. 

For definition of Groups, see Table 30. 


suits in Table 32. Twenty-three per cent and 15 per cent of the 
cows in groups I and II had shown heat by June 1 compared to 
85 and 75 per cent in groups III and IV. 
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The results indicate that nutritional levels supplied by pasture 
in Louisiana do not support adequate reproductive performance. 
The reproductive performance can be improved by supplementing 
pasture at critical periods. 


Summary 

Reproductive performance of a beef cow herd is affected mark- 
edly by nutritional level. Results presented show that age at first 
heat is dependent on level of energy fed either during the first 
winter or from weaning to first heat. Low levels of protein may 
also delay first heat but this appears to be the result of decreas- 
ing the appetite and thus decreasing the amount of feed the heif- 
ers eat. Level of energy fed following calving has a marked 
influence on reproductive performance. Cows gaining weight 
rapidly had the best reproductive performance. This occurred 
because more cows were in heat and bred early in the breeding 
season and more cows conceived on first service. Supplementation 
of pastures in Louisiana during critical periods improved repro- 
ductive performance markedly. 
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Minerals and Vitamins 


The term reproduction includes the physiological mechanisms in 
the male for spermatogenesis, libido, mating, and fertility plus 
the analogous mechanisms in the female for ovigenesis, estrus, 
ovulation, conception, fetus development, and parturition. Repro- 
duction is largely the result of coordinated function by the hor- 
monal system, the reproductive organs, and general tissue health. 
Proof that minerals and vitamins are needed for the numerous 
coordinated events which comprise reproduction is found in the 
fact that cattle feed must contain a balanced combination of 
several mineral elements and vitamins along with nitrogenous 
and energy-producing feeds for good health and proper function- 
ing of the endocrine and reproductive systems. 

Little is known about the exact daily requirements and the 
proper balance of mineral elements and vitamins for diets of 
breeding beef cattle. Many factors affect the need of cattle for 
minerals and vitamins. 

The environment (climate, shelter, soil, plants, etc.) with its 
differing degrees of stress, varies the need for supplementation 
of the natural diet with minerals and vitamins. For example, 
bulls and cows grazing Gulf Coast pastures in the hot, humid 
summer months have different requirements for food nutrients 
to maintain general health and comfort than similar cattle in a 
moderate, comfortable environment. Breeding cattle in different 
regions have different needs for supplements of feed nutrients 
in addition to those obtained from pasture because of seasonal 
differences in availability of growing forage. For example, cat- 
tle which enjoy long, almost year-around grazing seasons in rela- 
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tively frost-free regions may derive adequate carotenoids (pro- 
vitamin A) from their natural diet while cattle on annually 
frosted and drought-stricken pastures may need a supplemental 
source of provitamin A (feed carotenoids) or synthetic vitamin 
A. In some regions, cattle on different parts of the same ranch 
have different nutrient requirements. For example, breeding cat- 
tie grazing pastures on organic muckland soils have a different 
need for supplemental copper than similar cattle grazing pas- 
tures on inorganic mineral (sandy) soils. A high content of 
moiybdenum and associated elements in muckland pasture plants 
prevents the complete utilization of copper, thereby necessitat- 
ing the addition to the diet (or by drench and/or implant) of 
relatively large quantities of supplemental copper. 

Mineral elements and vitamins are involved in many reactions 
within the body tissues, namely: (1) conversion of food carbohy- 
drates, protein and lipids to muscular work, growth and tissue 
fat ; (2) regulation of osmotic pressure in body fluids and tissues 
(blood, urine, etc.) ; (3) maintenance of acid-base equilibrium in 
body tissues; (4) skeleton formation; (5) blood transport of 
oxygen and carbon dioxide during respiration; and (6) other 
reactions. Therefore, in doing cattle reproduction research and in 
reviewing published research reports to obtain information that 
can be put into practice on a beef cattle ranch, one should not 
think in terms of individual mineral elements or vitamins but 
should consider the quantity of each nutrient and the balance of 
all nutrients which are needed in the diet plus the demands of 
the environment upon the requirements of cattle for nutrients. 

The foregoing statements imply that a discussion of the role 
of individual mineral elements or vitamins in cattle reproduction 
is sure to lead to the conclusion that these nutrients are simply 
“a few of the cogs in the complex metabolic machinerj’” that 
keep cattle functioning in whatever environment is provided by 
man. 


Adequacy of Natural Diets 

The worldwide literature relating soil deficiencies of mineral 
elements to livestock nutrition was reviewed by Beeson (1911, 
1938) and Schutte (19G4). Numerous researchers in the southern 
half of the United States have correlated soil and forage content 
of phosphorus, cobalt, copper, molybdenum and iron to cattle 
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performance and/or consumption of mineral supplements (Beck- 
er et aU 1931 ; Stanley and Hodgson, 1938 ; Knox et al., 1941 ; 
Nelson et al, 1955). On white and gray sandy loam and fine 
sand soils in Florida, Becker ef al (1946, 1965) showed a re- 
lationship between nutritional anemia, locally termed “salt sick” 
in cattle, and a low content of copper, iron, and cobalt in forages 
and soils. On fine sand soils of south Texas, Black et al (1958) 
and Reynolds et al (1953) observed that a low content of soil 
and forage phosphorous was responsible for phosphorus deficien- 
cy locally termed “creeps” in range cattle. On muck and peat 
soils in Florida, Kidder (1941) and Davis et al (1946) related 
excessive soil and forage molybdenum to a copper deficiency lo- 
cally called “paces” in cattle. In the northern half of the United 
States, “goiter areas” are found wherever soils and water are 
low in iodine content (Huffman, 1947). “Alkali disease” or 
“blind staggers” in cattle has occurred where the soil and forage 
content of selenium was excessive (Dinkel, 1957) . 

While the earliest reports of mineral deficiencies in cattle 
contained descriptions of extreme abnormalities, some of which 
may have occurred only after several generations on the deficient 
forage, the predominant deficiencies in the middle of the 20th 
century are “borderline,” often not recognized except upon study 
of production records. 

Is it possible to estimate the nutrient adequacy of pasture 
forage for gestating and/or lactating beef coius by looking at 
the pasture ?— or even by studying the results of chemical analy- 
ses of forage samples for crude protein, gross energy, crude fiber, 
ether extract, mineral elements, and vitaminsf Although one 
may know the chemical composition of samples of pasture forage 
and have had previous experience with cattle on the pasture in 
question, accurate answers to these questions are complicated by 
two factors: (1) the difficulty of obtaining samples of pasture 
forage which are identical with what the average cow selects in 
grazing and (2) the necessity of estimating the amount of for- 
age that the average cow will consume (voluntary feed intake) . 

Researchers have shown that voluntary feed intake is largest 
with forages having a low fiber and a relatively high protein 
content; therefore, chemical analyses of pasture forage samples 
are useful but may not fully indicate whether the forage will 
provide an adequate diet. The amount of forage voluntarily con- 
sumed is of paramount importance but a practical routine analy- 
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sis of forage for prediction of voluntary intake has not been 
developed. 

Chemical analyses of forages are of value for detection of 
forages with a content of phosphorus, copper, cobalt, or carot- 
enoids which is grossly deficient or with a content of molyb- 
denum, selenium, or fluorine which is so high that deficiencies 
or toxicities are a certainty to develop (See Table 33). 

Cattle dislike drinking water which contains more than 1000 
parts per miliion of minerals. In regions where the only source 
of drinking water is highly mineralized (chlorides, carbonates, 
sulfates, and bicarbonates), cattle gradually will acquire a tol- 
erance for the highly mineralized water but their production may 
be restricted. For exampie, in areas adjoining mines, an ex- 
cessive intake of fluorine in drinking water has caused accumu- 
lations of fluorine in the tissues of the body and lowered pro- 
duction (Hobbs and Merriman, 1962; Mcrriman and Hobbs, 
1962). Cattle in brackish coastal water areas are reported to 
avoid voluntary consumption of needed mineral supplements of- 
fered in mineral feeders because of the high .saline content of 
their drinking water (Becker et al, 1953). Because the mineral 
content of drinking water contributes materially to the dietary 
needs of cattle for mineral elements, it is ns important to obtain 
chemical analyses on drinking water as it is on pasture forage. 
Even in cases where the mineral and vitamin content of both 
the pasture forage and drinking water is known, the adequacy of 
diets on beef cattle ranches must be partially evaluated by the 

plivsirnl nf tVlP rnttl#*. 
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deficiency, insecticide ingestion, etc.) which affects the central 
nervous system. Abnormal skeletal formation may reflect an in- 
herent weakness prevalent in some bloodlines or a nutrient de- 
ficiency during the formation of the skeleton. Only by studying 
the ranch conditions and reports from diagnostic laboratories 
on blood levels, liver reserves, post-mortem pathology, parasite 
counts, pedigrees, etc., can one pinpoint the cause of poor physi- 
cal condition in a cow herd. 

The foregoing comments lead to the conclusion that a ranch 
manager’s decision to increase the calf crop by expenditure of 
money for fertilizer or supplemental feeds should be based on 
something more reliable than appearance of the cows or appear- 
ance of the pasture forage. Methods have been reported for the 
diagnosis of mineral element or vitamin deficiencies suspected of 
being primary causes of poor physical condition associated with 
low fertility. These diagnostic methods include: (1) analyses of 
blood samples for hemoglobin, hematocrit (packed cell volume), 
phosphorus, calcium, magnesium, potassium, copper, vitamin A, 
and carotenoids; (2) analyses of liver samples taken by biopsy 
for copper, cobalt, iron, and vitamin A; (3) analyses of bone for 
fluorine, calcium and phosphorus; (4) analyses of forage samples 
for carotenoid and mineral element content; (5) analyses of soils 
for limestone, phosphorus, cobalt, copper, iron, and molybdenum; 
(6) analyses of water for solids and mineral content. 

The mean expected levels of mineral elements in blood, liver, 
and bone of apparently normal cattle have been reported by 
Cunha et al. (1964), Chapman and Kidder (1964), Underwood 
(1962), Maynard and Loosli (1962), Nelson et al (1955), Long 
et al (1952), Watkins and Knox (1948), and Hobbs and Merri- 
man (1962). Table 33 gives forage, blood, and liver levels of 
mineral elements which may be used as a guide for detecting 
deficiencies. 

Mineral and Vitamin Requirements for Reproduction 

It is of practical importance to know that all deficiency condi- 
tions seen in cattle are ‘relative deficiencies” involving more than 
one nutrient. Because of this and the fact that infertility may 
result from non-nutritional causes, scientists have experienced 
difficulty in determining the exact dietary nutrient requirements 
of cattle for reproduction. In a review of literature on the relation 
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of nutrition to endocrine-reproductive functions, Meites (1953) 
stated that almost all dietary factors had been claimed to be 
essential for reproduction at one time or another but only a few, 
mainly those involved in appetite regailation, had conclusively 
been shown to be needed. He reported that research prior to 1953 
on the need of mineral elements for reproduction in cattle was 
complicated by a lack of appetite and low protein intake. S.alis- 

Table 33.— Guidelines for Detectisc DcnciENCTrs; LrvFi.s Shown or 
Higher Le\tls Indicate Normalcy. I.owm* Litvtij? IsrtcATr 
Deficient Status 


Dry Rlood Dry 

forage (rcR 100 MU) ii\rn 


Phosphorus 

Copper 
Coiialt 
VlUvndn A 
p, Cnrotcne 


0.3 

S p.p.m.t 
0.1 p.p.mt 
None 
Variable 
20 mtr./lb.l 


4 mjT. (eow) 
7 nuf. (f-alf) 
75 meir- 

20 rnejr. 

70 rer- 


7.5 ppm 
0 1 p p n 
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Becker et al, 1931; Theiler and Green, 1931; Eckles et al, 1935; 
Palmer et al., 1941; Knox et al, 1941; Reynolds et al, 1953; 
Nelson et al, 1955) about phosphorus deficient cattle have de- 
scribed starving animals, abnormal estrous cycles and low rates 
of reproduction. It is difficult to separate the effects of a lack of 
protein, energy, phosphorus, and perhaps other nutrients in these 
reports. All reported that supplemental phosphorus increased the 
rate of reproduction whether administered in drinking water as 
a free choice supplement in a box, as phosphate-fertilized grass 
or in a concentrate feed mixture. The phosphorus content of pas- 
ture plants decreases with maturity; hence, the supplemental 
feeding of a phosphorus source, preferably defiuorinated phos- 
phate, dicalcium phosphate, or other disease-free inorganic 
source, has become an accepted practice. The daily requirement 
of mature 1,000- to 1,200-pound lactating cows for phosphorus 
is 8-10 grams for maintenance, an additional 7 grams during the 
last trimester of pregnancy, plus 0.7 gram for each pound of milk 
being produced (N.R.C., 1968). The daily requirement of moder- 
ately active bulls for growth and maintenance varies from 16 
grams for 1,000 pound bulls to 18 grams for 1,800 pound bulls 
(N.R.C., 1963). 

Calcium and magnesium are closely associated with phosphorus 
in metabolism but both are abundant in forages; therefore, it is 
unlikely that dietary deficiencies would occur in breeding cattle 
on improved pastures. It is more likely that an excessive ratio 
of calcium plus magnesium to phosphorus might exist and ad- 
versely affect production. Grass tetany, a disease of cattle and 
calves grazing lush pastures in the spring, has been character- 
ized by a low blood magnesium content. The literature on this 
complex disease was reviewed by Barnett and Reid (1961) and 
Fontenot et al (1965) . 

Deficiencies of copper and cobalt have been reported to delay 
sexual maturity in heifers and to inhibit reproduction (Becker 
et al, 1931; Bennets et al, 1941; Becker et al, 1946; Bennets 
et al, 1948 ; Allcroft and Parker, 1949) . Undoubtedly the anemia, 
diarrhea, and weight loss caused by a dietary deficiency of these 
mineral elements has a greater adversity on reproduction than 
is recorded in the literature. The role of copper and cobalt in 
ruminant nutrition has been reviewed by Davis et al (1946), 
Marston (1952), Dye and O'Harra (1959), Underwood (1962), 
and Chapman and Kidder (1964). Extreme deficiencies of copper 
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and cobalt occur in the soils and plants of numerous areas 
throughout the world. In addition, a high molybdenum content in 
plants gro\vn on peat or muck soils is associated with some factor 
that can accentuate a copper deficiency in cattle (Kidder, 1941). 
Of interest is a report by Huber et al. (1965) that diets contain- 
ing 100 p.p.m. of molybdenum and a low copper content were not 
toxic and resulted only in slight decreases in liver copper after 
being fed to cows for six months. Apparently, the interrelation- 
ship of molybdenum, copper, and sulfur is more complex than 
previously thought. It is recommended (Chapman and Kidder, 

1964) in Florida that mineral mixtures which are offered to 
range cattle have a minimal copper content of 0.75 per cent on 
organic peat or muck soils and 0.15 per cent on sandy inorganic 
soils. The cobalt content of such mixtures should be 0.03 per 
cent on either type of soil. While a deficiency of iron is difficult 
to demonstrate except on deep, white sandy soils (Becker et al., 

1965) it is recommended that a source of iron, preferably ferrous 
sulfate, be included in mineral supplements because of its inter- 
related role with copper and cobalt in blood composition. Because 
most cattlemen have always associated a red color with mineral- 
ized feeds, the addition of red-colored but relatively insoluble 
iron oxide to mineral mixtures may continue to be a practice of 
feed manufacturers. 

The necessity of manganese for reproduction has been more 
firmly established with monogastric animals than with rumi- 
nants. Bentley and Phillips (1951), Grashius (1957), and Meyer 
and Engelbertz (1960) have related lowered fertility in cows and 
heifers to manganese deficiencies as predicted from diet, ovary 
or hair content of manganese. Because almost all improved pas- 
ture forages and concentrate feed ingredients contain more than 
10 p.p.m. manganese, a deficiency of this essential mineral ele- 
ment in grazing cattle is not likely to be encountered. For as- 
surance, manganese compounds have become standard ingredi- 
ents in commercial trace mineralized salt in the United States. 

The feeding of supplemental zinc to mature cattle^ has 
reported to increase milk production and aid reproduction in Fin- 
land (Haarinen and Hyppula, 1961). The level of zinc in most 
Bermuda grass pastures in the Piedmont and Coastal Plain r^ 
gions of the U.S.A. are adequate for reproduction in cattle 
ler and Miller, 1963). It is customarj' in the U.S.A. to include a 
source of zinc in trace mineralized salt mixture. 
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The role of iodine as a dietary essentia! mineral element for 
cattle reproduction is definitely linked to its presence in thyrox- 
ine, a hormone secreted by the thyroid gland. A dietary deficiency 
of iodine has been reported to cause the birth of dead calves, 
retention of the placenta (afterbirth), decline in sex drive in 
bulls, and lack of estrus (heat) in cows (Schutte, 1964) . Stabi- 
lized iodine is included as a standard ingredient in commercial 
trace mineralized salt in the United States. 

Fluorine, instead of being added to the diet for cattle, is most 
often found in excess in the natural diet and is reported to be 
toxic when consumed in excessive amounts over long periods of 
time. More than 3 p.p.m. in dry pasture forage or 5 p.p.m. in 
drinking water is excessive for grazing cattle. Deleterious ef- 
fects of fluorine on milk production, skeletal structure, and re- 
production in cattle was reported by Phillips et al. (1934), Sut- 
tie et al, (1957), and Hobbs and Merriman, (1962). Precaution 
should be taken to avoid forcing breeding cattle to consume wa- 
ter, forage, limestone, or phosphates which have an excessive 
fluoride content. 

From the time that a calf starts to ruminate and “chew its 
cud,” it can be assumed that microbial (bacteria and protozoa) 
synthesis in the forestomach will provide an adequate supply of 
the B-complex vitamins. Extensive research by Kon and Porter 
(1954) and Porter (1961) showed that the synthesizing capacity 
of the rumen microorganisms was sufficient to keep a constant 
level of B-compIex vitamins in the rumen contents of steers re- 
gardless of the vitamin content of the diet. 

Healthy mature cattle have not been found to have a dietary 
requirement for vitamin C because of their ability to synthesize 
enough to meet their requirement. Phillips (1940) and Phil- 
lips et al. (1941) reported partial success in the use of vitamin 
C (ascorbic acid) for the improvement of fertility in repeat- 
breeder cows and slow-breeding bulls. Others (Asdell, 1949) 
were unable to confirm these findings; consequently, the current 
belief is that cattle are able to synthesize adequate quantities 
of vitamin C to meet their needs for reproduction. Further re- 
search with vitamin C is warranted, especially in unfavorable 
environments which exert considerable climatic and emotional 
stress on range breeding herds. 

Of the fat-soluble vitamins, A, D, E, and K, the one most 
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closely linked with reproduction in cattle is vitamin A. Deficien- 
cies of vitamin A, termed “avitaminosis A”, have been reported 
to cause serious disturbances in fetal development resulting’ in 
dead, weak, or malformed calves. Vitamin A deficient cows have 
been observed to have keratinization of the vaginal epithelium, 
retained placentas, and delayed conception. Vitamin A deficient 
bulls have been reported to exhibit delayed puberty, testicular 
tissue degeneration, and pituitary cysts. The time required to 
deplete normal liver reserves of vitamin A has been reported to 
vary from 10 to 206 days in calves (Riggs, 1940) and up to 350 
days in cows (Wheeler et af., 1957). The literature on the role 
of vitamin A in cattle reproduction was reviewed by Davis and 
Madsen (1941), Ronning etal. (1953), and Parrish (1961). The 
minimum daily requirement for vitamin A by lactating beef cows 
was raised recently to 42,000 International Units (N.R.C., 1963). 
This is twice the amount required by gestating cows. IVIoderatcly 
active 1,000- to 1,800-pound bulls require about 30,000 to 40,000 
I.U. depending on weight. 

The role of vitamin E is not understood but is believed to in- 
volve the antioxidant properties of tissues in association with 
selenium, sulfur, and other elements. Claims that vitamin E sup- 
plements aided reproduction have not been supported by research 
with cattle. Healthy cattle grazing green forage plants apparent- 
ly acquire an adequate supply of vitamin E for reproduction. The 
effect of stress and endocrine imbalance upon vitamin E require- 
ments of cattle is not known. The literature on vitamin E in 
health and disease of cattle was reviewed by Blaxtcr (1962). 

Vitamin K is synthesized by bacteria in the forestomach of 
cattle in quantities sufficient for normal blood clotting; hence, a 
need for supplemental vitamin K by healthy cattle has not 
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Environment Demands Upon Requirements 
The requirement for minerals, vitamins, and other nutrients 
in the diet of cattle is largely determined by the level of hor- 
mones in the blood. The rate of secretion of these hormones by 
the endocrine glands may be altered by environmental factors, 
especially climate. Changes in weather, which include tempera- 
ture, relative humidity, air motion, light, and radiation have a 
marked effect upon pasture plants which make up most of the 
natural diet of cattle and also directly regulate cattle comfort 
(or discomfort). The extensive literature on this subject was 
reviewed by Hammond (1954), Brody (1955), Andrews (1957), 
Dutt (1960), and Hafez (1962). 

In hot, humid climates, breed differences may be correlated 
with differences in weight gain, milk production, and rate of 
reproduction (Cunha, et al., 1963). Breeds of Bos indicus origin 
are reported to be more heat-tolerant (Brody, 1955), to graze 
more frequently during the day (Rhoad, 1955), to produce more 
milk (Cunha, et al, 1963), to have a lower incidence of estrus 
and conception during lactation (Howes et al, 1963), and to 
have a higher daily requirement for nutrients than breeds of 
Bos taurus origin. It has been recommended that the heavy milk 
producing breeds of Bos indicus origin be provided minerals, 
vitamins, and other nutrients in accord with the National Re- 
search Council minimum requirements for dairy cattle (N.R.C., 
1958), Otherwise, lactating cows of these breeds may fail to 
become pregnant during the usual limited 90- to 120-day breed- 
ing season. 

The plane of nutrition plays an apparent role in susceptibility 
of bulls to heat stress and spermatogenesis. Bulls in hot, humid 
climates exert more physical effort in seeking out and serving 
cows, both activities resulting in the following physiological 
effects: elevation of body temperature, need for sperm replenish- 
ment, probable reduction in endocrine and metabolic activity to 
lessen the heat dissipation load, probable reduction in forage 
intake, and reduced fertility if the natural diet is not fortified 
with minerals, vitamins, and proteins. When yearling and two- 
year-old bulls are pasture mated, a dual need exists for nutri- 
ents to continue growth and to permit reproduction. Because 
data are not available to substantiate these observations, there 
is a need for a systematic investigation of the quantitative nu- 
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tritional requirements of breeding beef cattle under controlled 
environmental conditions, especially those involving a hot, humid 
climate and a low quality forage diet. The need of such research 
is increasing in importance because of the changing geography 
of beef cattle production toward tropical and semi-tropical en- 
vironments where soil nutrients are leached during a rainy sea- 
son causing the mineral and perhaps vitamin content of forages 
to be inadequate for breeding cattle diets. 
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Breeding of Coiv and Plane of Nutrition 


Both breeding of animals and level of nutrition affect reproduc- 
tion. Most of the information in this report is the result of direct 
experimentation on the effects of nutrition on breeding. Some 
data have been adapted from other studies. In the final analysis 
per cent calf crop weaned is the best economic indicator of repro- 
duction and, as used in this report, is the number of calves 
weaned as based on cows exposed. Per cent stillborns or deaths 
are based on calves born. 

Effects of Breeds and Systems of Breeding 

A part of our research involves studying grading-up, criss- 
crossing, and rotational crossing as breeding systems for com- 
mercial beef production. The study is conducted at the State 
Prison at Reidsville, Georgia, where the cattle are maintained 
under commercial cattle production conditions. Grade Angus, 
Hereford, and Santa Gertrudis are used in grading-up. The three 
possible crisscrosses between these breeds and a rotational cross 
(made up of equal numbers of each crisscross) were also main- 
tained as contemporaries. The three grade and three crisscross 
herds contained about 40 cows each while the rotational herd 
contained 60 cows. A total of around 300 females were bred over 
a period of 8 years to supply information on foundation animals. 
Foundation animals in the crisscross herds were first crosses 
themselves. The animals in the rotational herd were first crosses 
being mated to the third breed. As generation one replacements 
became available, foundation animals were replaced. Data for 
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Cattlemen should not feed excessively during winter since such 
a practice is costly and breeding performance is not likely to be 
improved. The cows should be fed adequately. A reduction in 
amount fed during winter results in reduced calf crops. The cows 
should be wintered in good enough condition to breed back in the 
spring. 

Effects of Feeding for Fast Gains on Fertility of Bulls 

Some reports have indicated that feeding high concentrate 
rations to bulls to obtain rapid gains affects semen quality and 
ultimately impairs fertility. The Georgia Coastal Plain Experi- 
ment Station has operated a Test Station for the past 7 years. 
During this time, a ground mixed ration containing around 12 
per cent crude protein and approximately 64 per cent concen- 
trates has been full fed. Station owned Angus and Polled Here- 
ford bulls have been fed along with Test Station animals. Feed- 
ing was started the day of weaning and continued for 16S days. 
From 1958 through 1962, 51 bulls fed in the Test Station were 
used. Records of these animals are shown in Table 36 by breed 
and year. 

The bulls were removed from test at around 13 months of age. 
Six were bred immediately thereafter as yearlings ; the remain- 
der was bred first as two-year-olds. Total gain for the animals 
as indicated by weight-per-day-of-age tended to increase with 
years. Condition score (10, 11, and 12 - good, good plus, and 
low choice, respectively) tended to at least remain constant dur- 
ing the first 4 years ; scores dropped during the last year. This 
drop was due to a tendency of the scorers to score the animals 
as bulls, whereas in former years the animals were considered as 
steers. Apparently feeding for rapid gains for 168 days as de- 
scribed above did not impair the breeding efficiency to any notice- 
able extent of young bulls bred either as yearlings or two-year- 
old.s. One bull was sterile; however, it is not believed that feed- 
ing was the primary cause of sterility. 

Effect of Grazing Winter Pasture on Birthweight 

For a period of 3 years, studies wore conducted comparing 
the grazing of small grain pasture 4 hours daily plus the feeding 
of around 6 pounds hay per cow daily with full feeding hay plus 
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1 to 2 pounds cottonseed meal per cow daily. Experimental ani- 
mals were cows bred to calve in January, February, and March. 
The cows were placed on grazing just prior to the onset of 
calving (December 15 to January 8). The cows on pasture gave 
birth to calves weighing 5 to 7 pounds or around 10 per cent 
more than those fed hay and cottonseed meal (Table 37). 

Good strong heavy calves at birth are desirable as long as 
extra weight does not interfere with normal parturition. Our 

Table 37. — Effects of Small Grain Pasture on Birth Weight of Calf 


Year 1961 1962 1963 

Cows FOR TREATMENT 33 24 20 

Treatments Grazing Drylot Grazing Drylot GrazincDrylot 


Avg. daily ration (lbs.) 

6.5 

25.3 

6.6 

26.5 

5.5 

30.0 

Hay 

6.5 

24.1 

6.6 

25.0 

6.5 

28.5 

Grazing 





— 

• 

— 

Cottonseed meal 



1.2 

— 

1.5 

— 

1.6 

Avg. birthweight (lbs.) 

81.7 

75.8 

74.0 

69.0 

81.2 

74.0 


•Cows permitted to graze oats or rye pasture 4 to 5 hours daily. 


Angus and Palled Hereford heifers are bred to calve first as two- 
year*oIds. We think it vitally important to feed and care well 
for heifers calving first as two-year-olds. In earlier years wo 
wintered such heifers by grazing lush small grain pastures. The 
number of stillborn calves and cases of difiicult births w’ere un- 
usually high so the practice of grazing was discontinued. It is be- 
lieved that an increase in birthweights due to grazing small grain 
contributed to the calving problems and resulted in lowered per 
cent calf crop weaned. 

In summary, these data indicate that (1) crossbreeding result- 
<>d in a 2-3 per cent greater calf crop, (2) a reduction of around 
20-25 per cent in hay fed resulted in 10 per cent fewer calves, 
and (3) grazing small grain pastures resulted in 10 per cent 
heavier calves at birth, which in the case of heifers, especially, 
could result in a greater per cent of stillboms. 
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Blackstrap Molasses and Different Breeds 


A major portion of the blackstrap molasses consumed in the 
United States goes into animal feed (Meade, 1964). Blackstrap 
molasses is rich in energy, containing 48 to 50 per cent total 
sugars and, in addition, having minerals, some protein, and a 
variable amount of vitamins. Reported to have 75 to 85 per cent 
the feeding value of corn grain, molasses is widely used in com- 
mercial feeds to increase palatability, decrease dustiness, and for 
its binding capacity. Considerable information is available (Chap- 
man et ah, 1965, and Scott, 1953) concerning its use in cattle 
fattening. 

During 1963, 25,000,000 gallons of blackstrap molasses were 
produced in south Florida. It has been estimated this will increase 
to 50,000,000 gallons by 1967, providing approximately 575,000,- 
000 pounds of readily available carbohydrate-feed for use in 
livestock feeds. As mentioned, there are many published reports 
regarding the use of cane molasses for fattening cattle but little 
information is available regarding the use of blackstrap molas- 
ses as a supplement to pasture for beef cows. The purpose of this 
report is to present experimental data pertaining to feeding 
blackstrap molaSses to beef cows of various breeds and to dis- 
cuss the utilization of molasses in conjunction with pasture. 

Definition of Molasses 

Blackstrap molasses is a by-product of either raw cane sugar 
manufacturing or refining. It is the heavy, viscous liquid sepa- 
rated from the final low-grade massecuite from which no further 
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sugar can be crystallized by the usual methods (Meade, 1964). 
This product is viscous and in order to facilitate handling and 
for use in mixed feeds it is customarily diluted with water to 
approximately 79.5° Brix. The Association of American Feed 
Control Officials define this diluted product as cane molasses for 
feeding (Meade, 1964) and designate that it will contain 48 
per cent or more total sugars as invert sugar. If its moisture 
content exceeds 27 per cent, its density may not be less than 
79.5° Brix determined by double dilution (Crochet, 1965). 


Table 38. — Approximate Composition of Blackstrap Molasses 


Component 

Range % 

Water 

17-25 

Sugars 

Sucrose 

Reducing sugars 

Other carbohydrates 

80-40 

10-25 

2- 6 

Ash (K,0, CaO, MgO, Na,0, R,0* (Fe), 

SOj, Cl, PiOs, SiOj and insolubles) 

7-15 

Nitrogenous compounds 

Crude protein 

True protein 

Unidentified nitrogenous compounds 

2.6.4.6’ 

0.5-1.5 

1. 5-3.0 

Non-nitrogenous acids (Aconitic, citric, malic, 

oxalic, glycolic, succinic, fumaric, tartaric, mesaconic) 

2.0.7.5 

Waxes, sterols, phosphalids 

Vitamins 

O.l-l.O 

Variable 


Source: Meade (1964) 

•Blackstrap molasses produced on organic soil will contain 7 to 10 per cent 
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Table 39.— Experimental Design* 


Experimental treatment 


Breed of sires 


ANGUS 

Brahman 

Hereford 

Control (no molasses) 

A 

B 

H 


AB 

BA 



AH 

BH 

BH 

Seasonal (winter-fed) 

A 

B 

H 


AB 

BA 

HA 


AH 

BH 

BH 

Continuous-fed 

A 

B 

H 


AB 

BA 

HA 


AH 

BH 

BA 


♦Letters in table refer to breed composition of cows bred to each sire. 
A*=Angus; B=Brahinan; H=Hereford; BH=Braman x Hereford; BA= 
Brahman x Angus; and AH=*Angos x Hereford. 

EXPERIMENTAL PROCEDURE 

Approximately 300 head of cows were divided into three equal 
groups on the basis of age, breed, and relative potential produc- 
tion. The majority of the cows were one to two years old when 
placed on the study and, with the exception of some purebred 
cows, were purchased from commercial herds in south Florida. 
The groups were randomly allotted to experimental treatments 
of no molasses, seasonally-fed molasses, and continuously-fed mo- 
lasses for 3 1/2 years (Table 39). The seasonally-fed molasses 
was provided for 4 winters. The molasses used was heavy mill- 

Table 40.— Crude Protein, ’Brix and Ash Content of Composite Sam- 
FE^rsr OP Blackstrap ftfowssES 


Sample 

number 


Crude 

protein 

i%) 

“Brix 

Ash 

{%) 

1 


8.6 

85.1 

7.9 

2 


7.1 

86.1 

8.0 

3 


7.3 

85.0 

8.6 



8.1 

86.2 

8.3 

5 


10.1 

84.4 

7.9 

6 


9.0 

86.4 

8.8 



9.7 

85.1 

8.3 







Average 

8.6 

85.5 

8.2 
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run blackstrap molasses (85 to 88° Brix) produced on organic 
soil. (Blackstrap molasses used in this experiment was furnished 
by the United States Sugar Corporation, Clewiston, Florida.) It 
was fed twice weekly to furnish an average intake of 5 pounds 
per cow daily. During summer months the continuously-fed group 
would not consume 5 pounds a day and when this occurred the 
cattle were provided free access to molasses not to exceed the 5 
pound rate of intake. The seasonally-fed group received molasses 
from approximately the first of December until the middle of 
April of each year. A complete mineral mixture was fed free- 
choice to all cows. 


The breeding season was from January 15 to April 15 each 
year. Single sire herds were used with 1/3 of the cows in each 
molasses treatment bred to an Angus, Hereford or Brahman bull 
(Table 39). The approximately 300 cows were maintained on_180 
acres of Roselawn St. Augustine grass pasture which was divided 
into 9 separate pastures. The groups were rotated every 2 weeks 
to minimize the effect of pasture differences on animal perform- 
ance. The sires were rotated annually within breed of sire over 
each of the molasses treatments to minimize sire differences. 
The cows were pregnancy tested 60 to 90 days after the u s 
were removed and with one exception all open cows were sold. 
It was not possible to remove all open cows from theBra 
receiving no molasses without reducing inventory. These cov. 
Were allowed one open year and if open 2 consecutive j cars ^ e 
were culled. Herd replacements were made in June of each ycc . 

Measurements taken included quarterly weights, ' 

calving, and weaning dates for the cows and birt an v\ 
weight for the calves. Monthly forage samples were 
proximate analysis. Molasses samples were obtained a 
Jmd analyzed for Brix, crude protein, and ash. 
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ranged from 18.5 to 49.3 per cent, crude protein from 9.58 to 
17.21 per cent, crude fiber from 26.28 to 33.70 per cent, ether 
extract from 1.42 to 4.17 per cent, nitrogen-free extract from 
41.37 to 52.11 per cent, and ash from 5.02 to 10.72 per cent. The 
crude protein content of the forage was below 10 per cent only 
once during the 32 months that samples were taken. 


table 41. — COMPQSITIOH OF ROSELAWN St. AUGUSTINEGRASS* 



1.0W 

High 

AvmXGEf 

Dry Matter 

38.5 

49.3 

30.7 

Crude protein 

9.58 

17.21 

13.46 

Crude fiber 

26.28 

33.70 

30.08 

Ether extract 

1.42 

4.17 

2.54 

Ash 

6.02 

10.72 

7.43 

Nitrogen free extract 

41.37 

52.11 

46.49 


‘Crude proteiu, crude fiber, ether extract, ash aad nitrogen-free extract 
are expressed as a per cent of dry matter. 
tEach figure is an average of 32 months. 


Cow WEIGHTS 

Molasses treatment did not have a significant effect on cow 
weights. The average initial cow weights were 827, 842, and 880 
pounds respectively for the non-fed, seasonally-fed, and continu- 
ously-fed groups. While there was a trend toward increasing 
the size of cow in the continuously-fed group, the major effect of 
molasses supplementation on cow weights was that of reducing 
weight losses during the fall and winter months. Generally the 
three groups had returned to the same relative weight relation- 
ship by the following June. Quarterly weights are available in 
more detail (Chapman e( al., 1965). 

Rate of conception 

Molasses treatment and breed of cow had a highly significant 
effect upon conception rate as shown in Table 42. During the 
first year there was iittie difference in the conception rate be- 
tween the three molasses treatments. This could have been due 
to the good condition of the cows and pasture during the first 
year or it could be that the benefit from supplemental feeding of 
brood cows is cumulative and takes time to express its full value. 
As the experiment progressed during the next three breeding 
seasons the cattle receiving no supplemental feed had conception 
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rates of 83.3, 88.3, and 81.7 per cent, as compared to 92.6, 93.3, 
and 95.8 per cent for seasonally-fed cattle and 94.8, 92.6, and 
92.9 per cent for the continuously-fed cattle during the same 
three breeding seasons. 

There were differences in the conception rate of various breeds 
due to the supplemental molasses. The primary difference was 
that the nonsupplemented Brahmans had a lower rate of con- 

Table 42.— Average Percentage Pregnancy Rate 


Breed 

Molasses treatment* 

None 

Seasonal 

Continuous 


90.6 

93.2 

90.2 

B X B 

63.0 

78.6 

91.8 

H X H 

92.7 

98.1 

94.5 

A X BA 

92.3 

91.3 

100.0 

B X AB 

70.0 

100.0 

96.3 

A X HA 

100.0 

94.7 

95.2 

H X AH 

91.2 

97.6 


B X HB 

89.7 

95.0 

90.2 

H X BH 

87.5 

97.1 

97.2 

Average 

86.9 

93.9 



♦Approximately equal numbers of cows were allotted to each molasses 
treatment for each classification. 


ception than the Hereford or Angus cows on the same program. 
The Brahman x English crossbred cows had intermediate rates 
of conception, being higher than the purebred Brahman cotss ut 
lower than the Hereford, Angus, or Hereford x Angus cows 
when receiving no supplemental feed. Feeding molassw ei er 
seasonally or continuously tended to equalize brral di erences 
except for the Brahman cows. The latter breed had an additional 
increase in rate of conception from continuous fee mg no ex 
perienced by most of the other breeds. More detailed inforaation 
concerning yearly performances of breeds is available (Chapman 
ct al, 1965). 

Calp production 

Supplemental molasses increased the calf survival 
birth from 93.6 to 94.3 and 9G.4 per cent “ 

The differences were not statistically signi ican ‘ . 

molasses treatment on calf survival was \aria .e 
breed groups. 
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.'ABLE 43.— ATOBADE PekCENTAGE CALF StlRVIVAL FBOM BIRTH TO 'WEANING 


Breed 

Molasses treatment 

None 

Seasonal 

Continuous 

A X A 

88.6 

89.8 

92.9 

B X B 

91.7 

92.9 

97.1 

H X H 

91.2 

100.0 

97.8 

A X BA 

94.1 

100.0 

88.9 

B X AB 

90.9 

88.9 

88.9 

A X HA 

94.7 

86.2 

100.0 

H X AH 

96.0 

97.1 

97.1 

B X HB 

100.0 

96.0 

100.0 

H X BH 

100.0 

100.0 

100.0 

Average 

93.6 

94.3 

96.4 


Table 44.~ 

-Average Per Cent Calves Weaned per Cow on Inventorv 



Molasses treatment 

Breed 

None 

Seasonal 

Continuous 

A X A 

84.8 

88.0 

88.6 

B X B 

62.9 

83.9 

89.5 

H X H 

91.2 

100.0 

97.8 

A X BA 

94.1 

100.0 

88.9 

B X AB 

83.3 

88.9 

88.9 

A X HA 

94.7 

86.2 

100.0 

H X AH 

96.0 

97.1 

97.1 

B X HB 

96.2 

92.3 

100.0 

H X BH 

100.0 

100.0 

100.0 

Average 

87.9 

92.6 

94.6 


Table 45. — ^Average Weaning Weights (lbs.) 


MOIaASSES tre atment 

None Seasonal Continuous 


A X A 302 

B X B 302 

H X H 340 

A X BA 360 

B X AB 382 

A X HA 328 

H X AH 332 

B X HB 383 

H X BH 376 

Average 337 


339 

358 

337 

346 

369 

376 

409 

307 

406 

394 

356 

339 

366 

365 

400 

408 

401 

412 

369 

372 
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Each molasses feeding program increased weaning per cent 
(Table 44), with the seasonally-fed cows being intermediate be- 
tween the group receiving no molasses and that having continu- 
ous access to molasses. The effect upon breed group was vari- 
able, the most evident benefit occurring in the purebred Brah- 
mans. 

At the end of each molasses treatment the weights of weaned 
calves were increased to 337, 369, and 372 pounds for the non- 
fed, seasonally-fed and continuously-fed groups, respectively. The 


Table 46. — Average Production per Cow (lbs. Calf Weaned Annually) 


Breed 

Molasses treatment 

None 

Seasonal 

Continuous 

A X A 

256 

298 

317 

B X B 

190 

283 

310 

H X H 

310 

369 

368 

A X BA 

339 

409 

358 

B X AB 

318 

361 

350 

A X HA 

311 

307 

339 

H X AH 

319 

355 

354 

B X HB 

368 

369 

408 

H X BH 

375 

401 

412 

Average 

296 

342 

352 


effect of molasses was variable among breed groups (Table 45). 

The average production per cow, in terms of pounds of calf 
weaned, is summarized in Table 46. Over the four year period the 
seasonally-fed cows had an average of 46 more pounds of calf 
produced per cow and the continuously-fed group 56 more pounds 
per cow. Here again it appeared that the effect was cumulative 
since there was more difference due to molasses treatment dur- 
ing the last two than during the first two years (Chapman et 


of., 1965). , ^ 

The greatest effect of molasses treatment upon pounds ol 
calf weaned per cow was experienced by the Brahman, being 
increased 93 and 120 pounds by the seasonally-^ and contin- 
uously-fed programs. This is a direct reflection of improved re- 
production as the effect on the weaning weights was not grea - 
ly different than with other breeds. Detailed yearlv - 

breed are available (Chapman et a/.. 1965). An 
nation of the blackstrap molasses feeding programs !> a -- 
able (Chapman et al., 1965). 
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Discussion 

In order to properly evaluate blackstrap molasses as a sup- 
plemental feed to pasture for beef cows it is necessarj' to con- 
sider the nutritional requirements of beef cattle, specifically what 
proportion of these requirements arc furnished by pasture for- 
age, and what portion can be provided by molasses. 

Nutritional requirements of beep cows 

Beef cows have a minimum nutritional requirement necessary 
to maintain normal body functions, even though the animal does 
not gain weight, produce a calf, or give milk. Many of these 

Table 47. — Daily Total Digestible Nutrients, Digestible Protein, and 
Phosphorus Required by Pregnant and Nursing Cows 

Average 


Body 

Weight 

(lbs.) 

Daily 

Gain 

(lbs.) 

TDN 

(LBS.) 

Digestible 

Energy 

(therms) 

Digestible 

Protein 

(LBS.) 

PHOSPHORUS 

(CM) 



Pregnant heifers 



700 

1.5 

10.0 

20 

0.9 

14 

900 

0.8 

9.0 

18 

0.8 

12 

1000 

0.5 

9.0 

18 

0.8 

12 


Pregnant mature cows 

800 1.5 11.0 22 1.0 15 

1000 0.4 9.0 18 0.8 12 

1200 0.0 9.0 18 0.8 12 

Cows nursing calves, first 3 to 4 MONTHS AFTER CALVING 

900 

1100 0.0 16.8 34 1.4 23 

Source : National Academy of Science Publication 579. 

nutritional needs can be furnished by pasture forage. After the 
nutritional requirements for body maintenance are provided, ad- 
ditional nutrients are needed for growth, for fattening, during 
pregnancy, or while nursing a calf. 

The total digestible nutrient (TDN), digestible protein (DP), 
and phosphorus recommendations of the National Research 
Council (NRC) for the pregnant or lactating cows are present- 
ed in Table 47. These recommendations are considered to be 
the actual requirement of these type cattle and do not contain 
any so-called “safety factor.” They are the minimum amount 
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that should be provided to cattle during these stages of their 
life cycle. It should be noted that the requirement for TDN 
and DP increases over 50 per cent and for phosphorus almost 
100 per cent during the first 3 to 4 months after calving. 

When the NRC recommendations for brood cows are correct- 


ed on the basis of per cent body weight, the DP requirement 
corresponds to approximately 0.15 per cent of the body weight 
of 900- to 1,100-pound cows during the three to four months af- 
ter calving. Pregnant cows and heifers should receive daily about 
0.1 per cent of their body weight as DP. The daily phosphorus 
requirement in grams for maintenance of cattle can generally 
be calculated by multiplying the body weight by 0.02. 

Other nutrients that should be evaluated to determine if sup- 
plemental sources are needed include copper, cobalt, iron, and 
vitamin A. The need for these will vary but each are vital for 


growth and reproduction by beef cows. The exact copper re- 
quirements for all ages and kinds of beef cattle have not been 
well defined. However, beef cattle on organic soils should have 
an average daily intake of gram of copper. The daily in- 
take on inorganic soil can be approximately 20 per cent of this 
amount. The NRC reports the daily cobalt requirements of beef 
cattle to be in the range of 0.07 to 0.10 milligram per 100 pounds 
of body weight. The iron requirements of cattle are not known. 
It is an essential mineral for beef cattle, needed in the for- 
mation of hemoglobin and for certain other body functions. It 
appears that body iron may be re-used by the animal. Informa- 
tion is lacking regarding the absorption and utilization of iron 
from various compounds. Heavily parasitized cattle may respond 
to iron supplementation. Current NRC recommendations suggest 
560 to 680 International Units (I. U.) of vitamin A per 100 
pounds of body weight for growth; 1.200 to 1,600 I. U. per 
100 pounds of weight during pregnancy; and 4,000 1. U. per 
100 pounds during the first three to four months 
Recent experimental evidence indicates that present 
ommendations are low in many cases. The cos o m 
is very small and cattle should cenerally be fed the 
or even higher levels than the present .NRC r^ommendati . . 
Until more information is obtained a good ru e o • 
to feed at least 3.000 I. U. of vitamm A per 
body weight daily, to cattle of any age, sex, or- 
is suspected that vitamin A supplementation ma> -e p- 
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NUTRITIONAL ADEQUACY OF PASTURES 

The nutritional quality of pasture forage is affected by a 
number of factors, including soil type, forage variety, fertiliza- 
tion program, amount of grazing, season of the year, forage ma- 
turity, and climatic conditions such as rainfall and tempera- 
ture. Proper evaluation of the nutritional value of pasture gras- 
ses is important but is also sometimes difficult. The quality of 
the improved grasses used in south and central Florida are not 
all the same and it is not possible to evaluate them as such. 
However, there is a general trend in permanent grass pastures 
that apparently exists on both mineral (sand) and organic 
(muck) soils. 

At present, 90 per cent of improved pastures in Florida are 
composed of grasses only. Generally, permanent grass pastures 
in south and central Florida that have no legumes mixed in, 
if properly managed, will provide an excess of feed from April 
through August and a deficienc.v of feed during November 
through February, Pasture quality will vary in March and Sep- 
tember, primarily due to climatic variables. 

As previously mentioned the most important time, nutrition- 
ally speaking, in a cow’s life is two months before and three to 
four months after calving, during which time her daily require- 
ments for total digestible nutrients and digestible protein may 
increase 60 per cent over the maintenance amount required the 
rest of the year. In the majority of south and central Florida 
this period of the cow's life cycle occurs when the quality and 
quantity of permanent pasture grasses are at their lowest value 
nutritionally. Currently used pasture grasses generally will not 
furnish the nutrients that are necessary for a good beef cow to 
produce to her inherent ability 12 months of the year. 

Legumes in combination with grasses will provide a more fa- 
vorable protein and TDN level during winter and spring months 
than grass alone. Under average fertilization practices the grass- 
legume combination should result in an increase in dry matter 
per acre and in crude protein and phosphorus contents of for- 
age, resulting in greater production per cow. 

Considerable difference exists in Florida between perennial 
grasses grown on mineral and organic soils. Those grown on 
mineral soils have a general growth pattern ranging from a 
leafy plant in the spring, that is highly digestible, to a rela- 
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tively stemmy, relatively undigestible, mature plant in the fall 
months. These grasses often are unproductive during the win- 
ter months, and are low in crude protein content during this 
period of the year. 

Properly managed pasture grasses on organic soils will have 
a longer growing period, will maintain a larger leaf-stem ratio, 
and will generally contain more crude protein than those on min- 
eral soils. Some pasture grasses grown on soils of south Florida 
will grow 12 months out of the year if properly managed and 
will have more than 10 per cent of crude protein throughout the 
year (Haines et al., 1965). 

Maturity is probably one of the more important factors affect- 
ing the nutritive value of a pasture forage (Blaser, 19G4). As 
the plant matures, crude fiber will increase: TON, protein, and 
digestible protein will decrease. , 

A more detailed discussion of the quality of pasture in sou 
and central Florida is available (Chapman ct ah, 19 - , ant 
Haines et al, 1965). 


Value op blackstrap molasses as a supplement to pasture 
Energy and protein constitute two of the major "■'‘■■‘tional 
needs of beef cows. One of the more limiting nutritional ■ 
on permanent pasture grasses of sub-tropic areas is 
digestible energy (Blaser. 1964). This appears to be P''™™'- . 
ly true where conditions provide a readily ^ nrntPin 

nitrogen to the plant which will increase grow . crui , . t 
and structural Carbohydrates but which will decrease soluble 
carbohydrate content. ,, of 

Blackstrap mol.asses providc.s a rcadil} ‘V .’.i 
energy (Morrison. 1956 . and Scott. 1953) ‘*'at can jj^j-ed 

by beef cows, if properly used. Molasses s ‘ pointed 

as a supplement to. not a .substitute for. roiig 
out earlier (Table 38). there is 'p-.^ch varia- 

composition of blackstr.ap molassc- Uieri ^ fa 

tinn ill permanent pasture grass. When ^ of 

fe<l to beef cows, it is essential to know ‘h-e 
Iwth tlie niola.sscs and the available forage a ^.4 


imbalances or deficiencies that nia\ occur 


mineral (particularly phosphorus) co. 
available to the cows. The proper e\ 
IVivture i<i essential. 


intent cf the cvera 
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As shown in this experiment, proper use of blackstrap mo- 
lasses will improve the production of brood cows. During this 
experiment the crude protein level of the pasture forage al- 
most always exceeded 10 per cent (Table 40). Studies have in- 
dicated the digestibility of the crude protein in Roselawn St. 
Augustine grass to be good (Haines et al., 1965), and the ex- 
cellent conception rates of the supplemented cows indicates that 
the dietary level of protein did not limit this measurement Un- 
der these conditions mill-run cane molasses increased conception 
rate and weaning rate and weight and decreased death losses 
between birth and weaning. If the crude protein of a forage 
is not less than 12 per cent, on a moisture-free basis, it is un- 
likely that protein will limit beef cow production. In most cases, 
protein should not be a limiting factor if it does not fall below 
10 per cent in the forage, provided cattle have access to all 
they will consume and that the forage does not contain too 
much moisture. Three to five pounds of an energy feed, such 
as blackstrap molasses, from approximately November 15 
to March 16 will be beneficial under these pasture conditions. 

The crude protein content of permanent grass pastures grown 
on mineral soils of Florida will fall below 10 per cent in the fall 
and stay low until new growth in the spring. If legumes are 
not utilized it will be necessary to furnish a protein supplement 
in addition to the blackstrap molasses. Three to five pounds of 
a 15 to 20 per cent crude protein-high energy supplement is 
suggested. This can be provided by using a urea-molasses mix- 
ture or by feeding 2 to 4 pounds of blackstrap molasses and 
1 to 2 pounds of a 40 per cent supplement daily per cow. It 
is important to remember that both protein and energy are 
vital for beef cows to produce to their maximum inherent abil- 
ity. It is also important to have ample available roughage when 
molasses is fed to beef cows. Five pounds of blackstrap molas- 
ses produced on organic soil provides an estimated 3.0 pounds 
of TDN (Jrorrison. 1956), or approximately 18 per cent of the 
amount suggested by NRC for nursing cows for the first 3 to 4 
months after calving. This means that molasses feeding should 
increase the carrying capacity of pastures. This point was not 
determined in thi.s trial, hoivcver, since the cow.s were rotated 
to prevent pasture difTerenecs from being confounded with mo- 
lasses treatment and variation in carrj-ing capacity of pasture 
due to supplemental feed was not considered in evaluation. 
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Summary 

The data from this experiment indicated that providing mill- 
run blackstrap molasses for 133 days during the winter was al- 
most as beneficial nutritionally as feeding it continuously and 
was more profitable. Both feeding programs returned more re- 
ceipts above feed cost than the program of no supplemental 
feed. Of particular importance in the experimental results were 
the very beneficial results from providing supplemental fce<l to 
the Brahman cows. The Brahmans used in this c.xperimcnt had 
been chosen from herds throughout the state and were excellent 
representatives of the breed. The group of Brahmans receiving 
no supplemental feed did quite poorly in terms of conception 
rate and production per cow. The increased performance from 
cows receiving the molasses indicates that it is especially im- 
portant that good quality Brahmans have well-bnl.Trced diets if 
they are going to produce to their maximum nhility. 

Cows receiving the molasses had a higher rate of conception 
and produced calves having higher weaning weights than coms 
receiving no supplemental molasses. Death Ir>j«e< of c.ilve-^ !>*•• 
Iwocn birth and weaning were rc<Iucetl. 



II 


w. G. KIRK 
E. M. HODGES 
F. M. PEACOCK 
M. KOGER 

Levels of Pasture Nutrition 
and Breeding 

Forage and beef cattle are parts of the enterprise which con- 
verts coarse feed into beef, a most nutritious food product. Pas- 
ture, to provide nutritious feed throughout the year, combined 
with acclimated beef cattle and orderly management are the fac- 
tors which largely determine production rate. In 1956 the Range 
Cattle Station began a six-year study on the productivity of 
three herds of Shorthorn and Brahman cattle and their crosses 
kept on pastures designed to furnish low, medium, and high 
levels of nutrition. The data for four years were presented at 
the 1961 Beef Cattle Short Course (Cunha et al., 1963), This 
report includes six years results. 

Method of Procedure 

The experimental herds of 60 cows each were made up as 
follows : ten Brahman ; ten %. Brahman- 14 Shorthorn ; twenty 
Shorthom-VaBrahman ; ten %. Shorthorn -14 Brahman; and ten 
Shorthorns. In the 105-day breeding season starting in March 
the Brahman, % Brahman -14 Shorthorn, and 10 crossbred cows 
in each herd were bred to a Brahman bull and the Shorthorn, 
^1. Shorthorn-Vi Brahman, and 10 crossbred cows were bred to 
a Shorthorn bull. The two groups of 10 crossbred cows in each 
herd were alternated, being bred to a Shorthorn bull every sec- 
ond year and a Brahman bull in the intervening year. The cows 
in each herd were together except during the breeding season. 
Calves were bom from Januarj* 1 to April 16 and weaned at 
an average age of about 215 days. 


92 


LEVELS OF PASTURE NUTRITION 93 

Herd 1 grazed 800 acres of native range which was divided 
into five fields of 160 acres each. Eighty acres of each field 
were burned during alternate winters. The grazing area for Herd 
2 consisted of 305 acres of native range divided into two areas 
and 80 acres of improved pasture separated into four equal 
divisions. These included one each of Pensacola Bahiagrass-Hairy 
indigo, Pangolagrass, Pensacola Bahiagrass-white clover, and 
Coastal Bermudagrass. Two 20-acre fields of improved grass 
were subdivided to permit more efficient use of the forage. Cattle 
always had access to native pasture and usually to one field 
of improved pasture. Herd 3 was kept on 75 acres of Pangola- 
grass, 20 acres being overplanted with white clover and irri- 
gated. In late winter and early spring additional pasture was 
provided to Herd 3 when needed. 

All grass-legume pastures were fertilized with 250 pounds 
per acre of 0-8-24 mixture annually with grass-white clover areas 
being treated with additional 0-8-24 or potash. One application 
of complete fertilizer and at least one of nitrogen material were 
made annually on all improved gi*ass pastures, making a year- 
ly per-acre total of 100, 50, and 50 pounds of N, P 2 OS and KjO, 
respectively. Field divisions in each herd pasture allowed rota- 
tional and deferred grazing. 


Results and discussion 

The production records of the three herds for six years are 
summarized in Table 48. It was necessarj' to feed Herd 1 Pan- 
golagrass hay and cottonseed pellets during the winter to pre- 
vent excessive weight loss. The combination pasture for Herd 
2 has been used since 1947. A previous study (Jones et al., 
1960) from 1948 to 1952 showed that 60 to 65 grade cows on 
this pasture without supplemental feeding had an 80 per cent 
weaned calf crop and the calves averaged 425 pounds when 7 
months of age. Only in the 1957-58 winter, the severest on rec- 
ord, was it necessarj' to use supplemental feed. The effect was 
seen in the thin condition of the cows in the 1958 breeding 
season and 51 per cent weaned calf crop in 1959. Herd 3 was 
fed hay during the winter but received no protein supplement. 
During one summer, more than enough hay was made from one 
10-acre block to supplement this herd for the approaching winter. 



Table 48 .— Production Records of Cows prom 



'Slaughter grades: 6— Low Standard; 7— Standard; 8 — High Standard; 9— Low Good; 10 — Good; 11 — High Good. 
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Weaned Calf Crop 

Herd 1 had a 61 per cent weaned calf crop in the six-year 
period with the % Shorthorn-i/4 Brahman cows bred to a Short- 
horn bull, 11 per cent above, and the Yz Shorthorn-i^Brahman 
cows mated to Brahman bulls, 9 per cent below the average. 

Herd 2 grazing a combination native and improved pasture 
had a 73 per cent weaned calf crop with the crossbred cows 
bred to Shorthorn bulls 11 per cent above average; those bred 
to a Brahman bull, 9 per cent above average, and the % Short- 
horn-14 Brahman and Shorthorn cows, 10 and 8 per cent re- 
spectively below the average. 

Herd 3 on improved pasture had a 76 per cent weaned calf 
crop. The crossbred cows bred to Shorthorn and Brahman bulls 
had 84 and 83 per cent calf crop, respectively, with Shorthorn 
cows 11 per cent below the average. The high quality of the 
Herd 3 pasture was indicated by the high condition of the cows 
and calves. This may have reduced conception rate and caused 
greater calf loss from birth to weaning than with Herds 1 and 2. 
These are reasons for the small difference of 3 per cent in wean- 
ed calf crop between Herds 2 and 3. 

The three herds averaged 70 per cent weaned calves, rang- 
ing from a high of 75 per cent from crossbred cows bred to a 
Shorthorn bull down to Ot per cent for Shorthorn cows so bred. 


Adjusted Calf Weight at 205 Days 
T he average calf weaning weights for the six years were 
360, 430, and 448 pounds for Herds 1, 2, and 3. resj^ctively, 
with an average for calves from the three herd< of 417 ^unc l 
T hese weights adjusted to 205 days of age were .,93. and 
420 pounds for Henls 1. 2. and 3 and 370 pound, for the <2.. 
weaned calves from the three herds, , . i i 

The -ti Brahman-' i Shorthorn calve, from the thrt-*' herd, 
had an average of 450 pound, at 205 days of age. 
descending onler by Shorthorn-* 1 Bra..man, •£ .. 

*K Shorthorn. Shorthorn-*- Brahman. Bni-man ar.'. 
horn. 




'Slaughter irradca: G—Low Standard; 7 — Standard; 8 — High Standard; 9 — Low Good; 10 — Good; 11 — High Good. 
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Weaned Calf Crop 

Herd 1 had a 61 per cent weaned calf crop in the six-year 
period with the % Shorthom-i^ Brahman cows bred to a Short- 
horn bull, 11 per cent above, and the ^ Shorthom-V^Brahman 
cows mated to Brahman bulls, 9 per cent below the average. 

Herd 2 grazing a combination native and improved pasture 
had a 73 per cent weaned calf crop with the crossbred cows 
bred to Shorthorn bulls 11 per cent above average; those bred 
to a Brahman bull, 9 per cent above average, and the Short- 
horn-V4 Brahman and Shorthorn cows, 10 and 8 per cent re- 
spectively below the average. 

Herd 3 on improved pasture had a 76 per cent weaned calf 
crop. The crossbred cows bred to Shorthorn and Brahman bulls 
had 84 and 83 per cent calf crop, respectively, with Shorthorn 
cows 11 per cent below the average. The high quality of the 
Herd 3 pasture was indicated by the high condition of the cows 
and calves. This may have reduced conception rate and cnu.«;cd 
greater calf loss from birth to weaning than with Herds 1 and 2. 
These are reasons for the small difference of 3 per cent in wean- 
ed calf crop between Herds 2 and 3. 

The three herds averaged 70 per cent weaned calves, rang- 
ing from a high of 75 per cent from cros.sbrcd cows bred to a 
Shorthorn bull down to 64 per cent for Shorthorn cows so bred. 
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Herd 2 over Herd 1 varied from 120 to 119 per cent; for Herd 
8 over Herd 1 from 125 to 124 per cent. The significant figures 
are the 43 per cent superiority in average yearly production 
per cow for Herd 2 and the 55 per cent superiority for Herd 3 
over Herd 1. This measurement combines both per cent calf 
crop and total weaning weight of calves, giving the most ac- 
curate estimate of the total effect of the quality of pasture on 
herd productivity. There was an improvement in slaughter grade 
of 13 and 25 per cent for Herds 2 and 3, respectively, over 
Herd 1. 


Table 49. — Production of Three Herds on a Percentage Basis 




Combination native 

Improved plus 

Kind of pasture 

Native 

AND IMPROVED 

irrigated clover 

Production factors: 




Per cent calf crop 

100 

120 

125 

Weaning weight 

100 

119 

124 

205'day weight 
Yearly calf weight 

100 

120 

125 

per cow 

Slaughter grade of 

100 

143 

155 

calf 

100 

113 

126 


The total weaned weight of the 204 calves from Herd 1 dur- 
ing six years was 73,620 pounds, which average 219 pounds 
yearly per cow and 15 pounds per acre of native pasture. Kirk 
ct al., 1954, reported from an earlier study that twelve grade 
cows on 160 acres of this same pasture without supplemental 
feeding from 1950 to 1953 had an average calf production of 
247 pounds per cow or 19 pounds per acre of range. These data 
showed that grade cows on native pasture without supplemen- 
tal feeding had a greater calf production per cow and per acre 
of range than did cows with more improved breeding. 

Summary 

This study, utilizing Shorthorns, Brahmans, and their cross- 
es for a six-year period (1955 to 1960) summarizes reproduc- 
tion records of 1037 cow-breeding seasons. The data reported 
include weaning per cent, weaning weight, and adjusted 205- 
day weight and slaughter grade for 725 calves, and yearly pro- 
duction per cow. 
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Herd 1 on native pasture had a 61 per cent weaned calf 
crop and produced 219 pounds calf weight yearly per cow, fol- 
lowed by Herd 2 on a combination improved and unimproved 
pasture with 73 per cent and 313 pounds, and Herd 3, kept 
entirely on improved pasture, being highest with 76 per cen 
and 340 pounds, respectively. The weaned calf crop for the three 
herds was 70 per cent with an average yearly pro uc ion o 


292 pounds per cow. , 

The Vi Shorthorn-i/2 Brahman crossbred cows weaned 74 pe 
cent calves when bred to a Shorthorn bull an 
when mated to Brahman bulls. These cows pro uce < 

iest calves averaging 469 and 485 
two groups, with a slaughter grade of Good for . 
from the % Brahman- '4 Shorthorn cows weig j .jjq 

and those from the % Shorthorn- >4 Brahman “^“ws . ■ 

pounds, followed by 383 pounds from Brahman am P 
from Shorthorn cows. , „ , , an- 

Crossbred cows bred to Brahman bulls a • of the 

nual weaned calf production of 354 poun s Shorthorn 

same breeding produced 351 pounds when bred to Shortnor 

bulls, the highest for the five breed , i_„roved with 

Production rate increased as the nutritio 
the Shorthorn Brahman crossbred cows prodi ft < 


est level on all programs. 
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Various Pasture Programs 


The pregnancy rate varied from a low of 48 per cent to a high 
of 89 per cent in a study conducted on 13 commercial ranches 
(Warnick et al, 1960), One of the primary reasons for this large 
variation in reproduction rate was due to differences in forage 
production on the different ranches. Differences in type and 
management of pasture influence forage production which in turn 
determines overall level of nutrition for the breeding herd. The 
objective of this chapter is to compare calf production of cows 
on two types of pasture in the crossbred herd at the Beef Re- 
search Unit near Gainesville, Florida. 

Two types of improved pasture were established ; the all grass 
pastures consisting of Pangola grass and Pensacola Bahia were 
planted in separate pastures. After two year^ Coastal Bermu- 
da grass was planted and replaced a part of the Pangola grass. 
The other type was clover-grass pastures consisting of the same 
grasses overplanted with a clover mixture of Nolin’s Louisiana 
White, Ladino Red and Hubam in October. In the subsequent 
years Louisiana White was the only clover that persisted, so 
the clover-grass pastures were essentially the grasses plus white 
clover. 

The pastures were stocked with Commercial Brahman x Na- 
tive two-year-old heifers typical of the majority of the cows 
on commercial ranches in 1952. During the fwe-year period the 
cows were bred to Angus, Brahman, Hereford and Shorthorn 
bulls during a three-month breeding season from March 1 to 
June 1. The bulls were bred in single sire herds and rotated 
at 12 day intervals to minimize differences in bull fertility. 
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The type of pasture that heifers grazed from weaning until 
two j’ears of age when they entered the breeding herd influ- 
enced their reproductive performance in the subsequent years 
(Table 51). Heifers raised on the clover-grass pastures had a 
96 per cent calving rate compared to 81 per cent for those 
raised on grass pastures. The weaning percentage was 89 and 
76 per cent for the above two groups, respectively. Weaning 
weights of calves were not greatly different (434 vs. 429) from 
heifers raised on the two pastures but the production per cow 


Table 51. — Production Performance of Females Grown as Heifers on 
Different Tvpes of Pasture 


Item 

Pasture on 
Grass 

WHICH REARED 

Clover-grass 

Number of cows 

112 

183 

Calving per cent 

SI 

96 

Survival per cent 

&4 

93 

Weaning per cent 

76 

89 

Weaning weight, lbs. 

429 

434 

Production per cow, lbs. 

326 

386 

Avg. wt. of cows, lbs. 

803 

940 


was 16 per cent greater for those heifers raised on the clover- 
grass pastures. This difference results from the increased wean- 
ing percentage. 

During the second phase (1960-64) of the breeding program 
at the Beef Research Unit cows were wintered with silage on 
a moderate winter feeding program so differences due to pas- 
ture were somewhat reduced. The cows grazing clover-grass pas- 
tures had a 96 per cent calving rate vs. 91 per cent for cows 
on grass pasture (Table 52). The respective weaning percent- 
ages were 93 and 89 for cows on the two pastures. There was 
a 21 pound advantage in calf weaning weight for cows on the 
clover-grass pastures. The production per cow was 472 on clover- 
grass compared to 433 for cows on grass, an advantage of 8 
per cent for cows on the clover-grass pastures. 

Summary 

Young Brahman x Native commercial cows grazing clover- 
grass improved pastures bad a 19 per cent higher calving rate 
and a 15 per cent higher weaning rate than similar cows grazing 
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all grass pastures when bred to the same bulls. This difference 
was due to a failure of ovarian activity and estrus and a longer 
interval from calving to first estrus in cows on the grass pas- 
tures. Although weaning weight of calves from cows on the 
two types of pasture were similar, cows on clover-grass pastures 
produced 20 per cent more pounds of weaned calf per cow 
than those on grass pastures. 

Heifers grazed from weaning to two years of age on clover- 
grass pastures had a 13 per cent higher weaning rate than 
heifers raised on grass pastures. This would indicate a favor- 


Table 52. — Production Performance op Cows Grazing Different Types 
OF Pasture with Moderate Supplemental Winter Feeding 
(1960-1964) 


Item 

Grass 

Type of pasture 

CLOVER-CRASS 

Number of cows 

160 

200 

Calving per cent 

91 

96 

Survival per cent 

98 

97 

Weaning per cent 

80 

93 

Weaning wt., lbs. 

487 

508 

Production per cow, lbs. 

433 

472 

Avg. wt. of cows, lbs. 

1028 

1021 


able influence of the clover pastures on the developmental phys- 
iology of the reproductive system during the fir.st two year.s 
which carries over into repvodv.\ctwe perforraaTice of cows while 
in the breeding herd. As a result of the increased reproduc- 
tive rate, heifers raised on the clover-grass pastures weaned 1C 
per cent more pounds of calf per cow than those raised on 
grass pastures. 

A comparison of cows wintered on a moderate fee<Iing pro- 
gram and grazed on two types of pasture was made from 19G0 
to 1964. The weaning percentage and weaning weight was 93 
per cent and oOS pounds in cows on clover-grass pastures %er- 
sus 89 per cent and 4S7 pounds for cows on all gra's paslure-*. 
The production per cow at weaning shower! an 8 per cent ar!- 
vantage for cows on the clover-gra«s pastures. 

Wherever soil and moisture conditions are favorable for closer 
production, clover should be seeded to i.mprove rcpro!j.-ti\e 
formance of the cow heni and overall pro<luetjon per co-.v. 
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Level of Feeding and Bull Performance 


The demand by commercial cattlemen for performance test data 
before purchase of beef bulls plus the expanding adoption of 
the practice of artificial insemination has increased the need 
for information on the relationship of level of feeding to re- 
productive performance of bulls. While very little research has 
been done on the effect of overnutrition (excessive fattening), 
a number of researchers have studied the effects of undernutri- 
tion (starvation) on reproductive perfomance. To set the stage 
for a discussion of the research findings on this subject, it 
seems expedient firstly to outline current bull feeding practices 
on ranches and secondly, to relate the pertinent research find- 
ings to farm or ranch practices. 

Current Practices 

Prior to weaning 

Three methods of feeding suckling beef calves are generally 
practiced : 

1. Own dam, on pasture, access to mineral mixture. 

2. Own dam, on pasture, access to concentrates in a creep 
feeder. 

3. Nurse cow or own dam suckled twice daily, hand-fed con- 
centrates and forage in a bam. 

At this age, it is generally believed that feeding methods 
or levels arc of minor importance for subsequent reproductive 
performance. While economics dictate the least-cost method of 
raising suckling bull calves and some animal breeding special- 

102 
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ists advise against creep feeding or hand feeding of suckling 
beef calves, there is a general trend toward the offering of sup- 
plemental concentrates in a creep feeder starting 30 to 90 days 
before weaning. 

Weaning to 12-15 months of age 

All weaned bull calves in breeding herds of registered cattle 
should be “performance tested^’ for at least 140 days following 
weaning. Methods of feeding during performance tests vary 
widely : 

1. Full feed of forage (pasture), access to mineral mixture. 

2. Full feed of forage (pasture) with limited supplemental 
concentrates. 

3. Full feed of fresh chopped forage in confinement (limited 
exercise area) with or without supplemental concentrates. 

4. Full feed of concentrates on pasture. 

6. Full feed of concentrates in drylot (limited e.xercise area). 

Some breeders believe that the method of feeding at this 
age will have no effect on subsequent reproductive performance 
because seven to fifteen months will elapse between the end 
of the performance test and the beginning of breeding service. 
Others believe that damage may be done to the feet, legs and 
reproductive system by improper methods and levels of feeding 
during a performance test and that subsequent reproductive per- 
formance may be permanently limited. There is a trend among 
progressive breeders toward the full feeding of supplemented 
forage for economical gains of about 1.8 to 2.2 pounds per day 
(variable with breed). 

End of performance test (12-15 months of age) 

TO USUAL breeding AGE (22-27 MONTHS) 

Because bulls are sold at different ages in different region.s, 
the level and method of feeding varies widely after a perform- 
ance test. Each of the five methods of feeding during perform- 
ance tests are used during the fitting of bull.s for sale.*?. 

Without question, breeders believe that the level and method 
of feeding at this age will affect subsequent reproductive per- 
formance, especially in cases where bulls are changed immedi- 
ately from an ideal environment to a rupge<! range exi^te.nce. 
There is a trend among progressi\e breeders tovvard th*- 
ing of groups of bulls on high quality pastures, properly 
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mented with minimal amounts of concentrates, for gains of about 
1.5 pounds per day (variable with breed) and the production of 
physically sound, not fat, sale bulls which are adapted to pas- 
ture environmental conditions. 

During breeding season 

Because most beef bulls serve in large multiple-sire herds, 
the levels of supplemental feed offered to bulls in service vary 
from almost none under pasture mating to liberal amounts un- 
der hand-mating conditions. The methods of providing feed for 
bulls in breeding herds are as follows : 

1. Forage (pasture with or without hay and silage), access 
to mineral mixture. 

2. Forage (pasture with or without hay and silage) with a 
limited concentrate supplement (pellets fed at 1 to 3 day 
intervals, salt or fat-concentrate mixtures, molasses-urea 
solutions, blocks of compressed concentrates, etc.). 

3. Green chopped or stored forage fed with supplemental con- 
centrates to bulls in confinement. 

In some commercial herds where supplemental feeding of con- 
centrates is not practiced, the nutritional condition of bulls is 
regulated by rotating bulls from service in the breeding herd 
to small pastures where they are fed concentrates and forage. 

Between breeding seasons 

While the level of feeding between breeding seasons may 
be dependent on the individual bull, the method of feeding gen- 
erally is determined by the kind of enterprise — registered or 
commercial herd. 

1. In registered herds and small commercial herds, individ- 
ual bulls are usually kept in small enclosures (inferior 
pastures) and are fed supplemental concentrates in accord- 
ance with the degree of fatness desired. The belief that 
fat bulls are attractive to purchasers frequently causes 
registered herd-sires to be unnecessarily overweight. 

2. In commercial herds, large numbers of bulls are sorted 
by ages into large pastures with access to mineral mix- 
tures and may not be offered supplemental concentrates 
until 60-90 days before the breeding season. 
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Trends are not evident toward change from the current prac- 
tices which frequently result in some bulls becoming excessively 
fat in registered herds and some bulls becoming decidedly too 
thin in commercial herds. 

Because the practical farm and ranch problems of bull in- 
fertility associated with faulty nutrition or management seem 
to fall into two categories, overfeeding or underfeeding, the re- 
search with bulls which has been reported will be discussed 
under these two headings. 

OVEENUTRITION 

There are few reports based on experimentation with bulls 
to support the widespread belief among cattlemen that infer- 
tility may result from ovemutrition. 

Hammond (1952) questioned whether one reason for low sex 
drive (libido) and marginal reproductive performance of 
fat males might be the accumulation of fat deposits in the scro- 
tum. Olson (1952) observed a decreased ability of an over- 
weight dairy bull to serve cows. Ball et al. (1964) found a 
higher incidence of seminal vesiculitis characterized by enlarged 
seminal vesicles and pus in the semen of young sale bulls con- 
fined together and fed a gain-producing ration. Flipse and Alm- 
quist (1961) concluded from an experiment with Holstein bulls 
fed from birth to four years of age on dilTerent levels of energy 
intake that “from a practical standpoint, the development of 
weaknesses of the feet and legs and the lower level of sexual 
activity in the group (fed 130 per cent of recommended ener- 
gy intake) suggest that these factors would soon limit the use- 
ful life of these bulls.” Research with young dairy bulls has 
shown that a high plane of nutrition brings the attainment of 
puberty at an earlier age (Flipse ct af., 1953, Flipse and Alm- 
quist, 1961 and 1963, Bratton ct al.. 1957, 1959, and 1961). 

It is questionable whether inferences drawn from reproductive 
physiologj’ research with fat heifers and cows have any applied 
value with the opposite sex. E.xcellent papers and reviews of 
the literature on this subject have been reported by Asdell 
(1949), Hammond (1952), Meites (1933), Casida (1959), Reid 
(1960), and Totusek ft al. (1961). In general, fatne.^s in the fe- 
male has been associated with lowered reproductive performance. 

An extensive studv of two methods of feeding beef bulls 
which resulted in two planes of nutrition, was reporte<i at the 
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mented with minimal amounts of concentrates, for gains of about 
1.5 pounds per day (variable with breed) and the production of 
physically sound, not fat, sale bulls which are adapted to pas- 
ture environmental conditions. 

During breeding season 

Because most beef bulls serve in large multiple-sire herds, 
the levels of supplemental feed offered to bulls in service vary 
from almost none under pasture mating to liberal amounts un- 
der hand-mating conditions. The methods of providing feed for 
bulls in breeding herds are as follows : 

1. Forage (pasture with or without hay and silage), access 
to mineral mixture. 

2. Forage (pasture with or without hay and silage) with a 
limited concentrate supplement (pellets fed at 1 to 3 day 
intervals, salt or fat-concentrate mixtures, molasses-urea 
solutions, blocks of compressed concentrates, etc.). 

3. Green chopped or stored forage fed with supplemental con- 
centrates to bulls in confinement. 

In some commercial herds where supplemental feeding of con- 
centrates is not practiced, the nutritional condition of bulls is 
regulated by rotating bulls from service in the breeding herd 
to small pastures where they are fed concentrates and forage. 

Between breeding seasons 

While the level of feeding between breeding seasons may 
be dependent on the individual bull, the method of feeding gen- 
erally is determined by the kind of enterprise — registered or 
commercial herd. 

1. In registered herds and small commercial herds, individ- 
ual bulls are usually kept in small enclosures (inferior 
pastures) and are fed supplemental concentrates in accord- 
ance with the degree of fatness desired. The belief that 
fat bulls are attractive to purchasers frequently causes 
registered herd-sires to be unnecessarily overweight. 

2. In commercial herds, large numbers of bulls are sorted 
by ages into large pastures with access to mineral mix- 
tures and may not be offered supplemental concentrates 
until 60-90 days before the breeding season. 
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Trends are not evident toward change from the current prac- 
tices which frequently result in some bulls becoming excessively 
fat in registered herds and some bulls becoming decidedly too 
thin in commercial herds. 

Because the practical farm and ranch problems of bull in- 
fertility associated with faulty nutrition or management seem 
to fall into two categories, overfeeding or underfeeding, the re- 
search with bulls which has been reported will be discussed 
under these two headings. 


OVERNUTRITION 

There are few reports based on experimentation with bulls 
to support the widespread belief among cattlemen that infer- 
tility may result from overnutrition. 

Hammond (1952) questioned whether one reason for low sex 
drive (libido) and marginal reproductive performance of 
fat males might be the accumulation of fat deposits in the scro- 
tum. Olson (1952) observed a decreased ability of an over- 
weight dairy bull to serve cows. Ball ct al. (1964) found a 
higher incidence of seminal vesiculitis characterized by enlarged 
seminal vesicles and pus in the semen of young sale bulls con- 
fined together and fed a gain-producing ration. Flipse and Alm- 
quist (1961) concluded from an experiment with Holstein bulls 
fed from birth to four years of age on different levels of energy 
intake that "from a practical standpoint, the development of 
weaknesses of the feet and legs and the lower level of sexual 
activity in the group (fed 130 per cent of recommended ener- 
gy intake) suggest that these factors would soon hmit the use- 
ful life of these bulls.” Research with young daio 
shown that a high plane of nutrition ‘ ct-"' A' m- 

pubertv at an earlier age (Flipse rf nl. 1 □ ’ ^ . ,nri) 

quist 1961 and 1963, Bratton ft al.. 19ji. 19 j 9, and 
^ It is questionable whether inferences drawn from reproductive 
phlVi^lo^ research with fat heifers and cows h-e any apph^ 
value with the opposite sex. E.xcellent mpers and newels o. 

the literature on this subject ( 1039 ) p^id 

(1949). H.ammond (1952). Me.tes 19o3). C^u la (lDu9) Re. 
(1960) and Totusek et r.l. (1961). In ge.nera!. fatr.e-^ in t..e fe 
male has been associated with lowen^ 7 ,' iw 

An extensive study of 

which resulted in two planes o. nutri..o... 
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University of Florida (Hentges et al, 1964, and Hentges, 1964) . 
Their objective was to measure the comparative effects of feed- 
ing a high-concentrate and a high-forage diet on the feedlot 
performance and potential reproductive potency of beef bulls 
during a performance test and subsequent months prior to their 
sale as commercial bulls at 22 to 25 months of age. 

Experimental bulls 

Fall weaned Angus, Hereford and Brahman bulls which av- 
eraged 570 pounds in weight and 325 days in age were assigned 
to two feed treatment groups according to breed, age and weight. 
Group 1 was fed forage ad lib while Group II was fed con- 
centrates ad lib. 

The experiment was divided into two phases with each phase 
characterized by a change in composition of the diet offered 
to the forage-fed bulls. Phase I was a 196-day performance 
test which ended in June. In this phase, one group of 14 bulls 
were hand-fed 7 pounds of a concentrate mixture per head once 
a day plus all of the com silage that they would voluntarily 
consume. A similar group of 14 bulls was offered the same 
concentrate mixture ad lib from a self-feeder. Table 53 shows 
the proximate composition of the diets during Phases I and II. 
Each group was kept in a fertilized grass pasture which pro- 
vided 0.5 acre of grazing per head. ^ _ 

Phase II was a 140-day extension of the same treatments 
with 20 of the same bulls. In Phase II, the forage was changed 
from corn silage to fertilized grass pasture and the amount of 
concentrates offered to the group fed forage ad lib was in- 
creased from 7 to 8 pounds per head. The bulls fed concen- 
trates ad lib were given free access to the same concentrate 
feed mixture from a self-feeder. The bulls offered forage ad 
lib were provided with 1.0 acre of Coastal Bermuda grass pas- 
ture per head while the bulls fed the concentrate ad lib were 
provided with 0.5 acre per head. 

Feed intake 

During Phase I, the average daily feed intake per bull by 
the group fed concentrates ad lib was 15.3 pounds of the con- 
centrate mixture. Bulls offered corn silage ad lib consumed 22.8 
pounds of com silage plus 7 pounds of concentrate mixture. 
Although the average daily gains were smaller during Phase 
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II, bulls in the concentrate and forage-fed groups consumed an 
average of 22.8 and 8.0 pounds, respectively, of the concen- 
trate mixture per head per day. ^ 

Weight gains 

The initial and final average weights were 590 and 1,230 
pounds in the group fed forage ad lib and 550 and 1,305 pounds 
in the group fed concentrate ad lib. Higher gains were recorded 
during Phase I than during Phase II. As illustrated in Table 
54, bulls fed concentrates ad lib had very high average daily 


Table 53. — Approximate Composition op Concentrate Mixture Fed Dur- 
ing Phase I and Phase II* 


Ingredient 

Pounds, air-dry 

Corn meal, yellow 

54.0 

Citrus meal, dried 

15.8 

Soybean oil meal, 44% 

3.5 

Cottonseed meal, 41% 

3.5 

Urea, 262% 

I.O 

Molasses, cane, standard 

5.0 

Alfalfa meal, dehydrated, 17% 

5.0 

Mineral and vitamin mixturef 

2.0 

Corn cobs, coarsely ground 

10.0 

Auro/ac 10 

0.0375 

Defluorinated phosphate 

0.2 

TOTAL 

100.0375 


•Crude protein content avcraped 

tMinerol mix contained calcium, phosphorus, SO:;- sodium 

chloride, lA*^c iron, O.lOS^c copper, O.OlTJ- cobalt, 0.48% man^^aneie and 
0.01% iodine. Vitamin mix contained 10,000 U.S.P. units of vitamin D. 
per lb. and was adjusted to provide an average intake of 20,000 I.U. 
vitamin A per day. 


Table 54.— Summary of Weight Data and awiacs: Daily Gai.v for phase 


I AND Phase II 




FCXACE 

CoNcr.STaATi: 


AD MB 

AD LIS 

Avg. initial v eight, lbs. 

550 

5':o 

Trial length, dal's 
rha<e 1 

150 

150 

Phase 1 1 

14D 

It: 

A\g. daily gam. Ib. 



Phase 1 


2.1s 

Phase II 

l.i'. 

! 5 . 

.\>g. f.r.al weight, lb. 

in J 
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gains of 2.48 and 1.95 pounds during Phase 1 and Phase II, 
respectively. The bulls receiving forage ad lib made lower but 
very satisfactory average daily gains of 2.05 and 1.46 pounds 
for Phase I and Phase II, respectively. Statistical analyses of 
weight gain data on all bulls revealed a significant (P <.01) 
difference between phases and a dietary treatment effect (P 
<.01) in Phase II. Figure 10 illustrates their relative .appear- 
ance and fatness. 


Table 5S.— Summary of Data on Feed Costs During Phase I and Phase 
11 



Phase I 

PHASE II 

Forage 

AD UD 

CONCENTRATE 
AD LID 

Forage 

AD LIB 

Concentrate 

AD LIB 

Concentrate costs, dollars 





Total co.st 

054.30 

1.424.97 

380.12 

1,087.32 

Cosl/hcad/phaso 

46.70 

101.78 

38.01 

108.73 

Cost/hcad/day 

.24 

.62 

.27 

.78 

SUnsc costs, dollars 





Total cost 

269.40 

- 

77.92 


Cost/head/phasc 

19.25 

- 

7.79 

— 

Cost/hcad/day 

.10 

— 

.06 

- 

Pasture costs, dollars 





Total costs 

69.62 

69.62 

42.84 

21.42 

Cost/hoad/phasc 

4.97 

4.97 

4.28 

2.14 

Total cost 

993.41 

1.494.69 

500.88 

1,108.74 

Total cost/hcad 

70.96 

10G.7G 

60.10 

110.87 

DilTcrcnce In cost per hull 


35.80 

60.77 


Feed cost for each method of feeding 

A comparison of total feed costs during the two phases of 
the experiment is shown in Table 55. The difference in feed 
cost per bull between the two groups was 535.80 and 500.77 
more for the group fed concentrates during Phase 1 and Phase 
II, respectively. The difference between lots in cost per hull per 
day was 20 cents more during Phase II than Phase I due to the 
larger daily consumption of concentrates by the concentrate-fed 
bulls during Phase II. 

Semen ixm-uation 

Semen was collected by clectrocjnculntion with a Nicholson 
all-transistor ejaculator. The procedure involved insertion of a 
inch probe into the rectum. rnn.-uiaRe of the testicles, elec- 
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trical stimulation rhythmically with voltage being increased step- 
wise until ejaculation was complete. If visual obser\'ation of the 
sample revealed pus cells, low concentration of sperm cells or 
contamination, a second ejaculate was obtained. Semen was col- 
leted and evaluated on day 1, 28, 112, and 196 of Phase I and on 
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nCURE 10. Note the difference fn decree et fitneu betwrtn buffs fuIf-M coneerv 
trite* (upper) end bull* full-fed for*ce 0<"»er). The for»f*-Nd bufl* were fit 
to be ettnctrve to bull buyer* end their reproduclhw pefforr^ne* «* Mtufeetory. The 
corKentrate-fed boll* were more •ttreetiye to »ome buyer* but 90 per cent ejhibrtetf 
Impaired reproduetrv* performir^e. 





Table 67.— Summary op Data oh Semen Characteristics at Various Semen Collections During Phase II 




FACTORS AFFECTING CALF CROP 


112 

produced by the two groups was varied, ranging from 3.0 to 
8.6 ml. per ejaculate. This variation was noted among bulls 
within both groups and among different collections. There was 
significantly more (P. <.01) semen collected from both groups 
in Phase I, the average semen volumes being 7.2 and 6.1 ml. per 
ejaculate for forage- and concentrate-fed bulls respectively. In 
Phase 11, average semen volumes were 4.7 and 3.8 ml. per ejac- 
ulate in the respective dietary groups. The variation was due 
to a change from a whole collection technique during Phase I 
to collection of partial ejaculates during Phase 11 to give a more 
concentrated semen sample. No statistically significant differ- 
ences in semen volume were found between treatments during 
Phase I or Phase II. These results are in agreement with those 
reported by Flipse et at (1952), who found no significant differ- 
ences in volume of semen produced by bulls fed all-roughage and 
all-concentrate rations and Flipse and Almquist (1961) who 
reported that sperm output and extra-gonadal sperm reserves 
were similar among bulls fed recommended and high levels of 
energy intake. Olson (1952), in a similar study with dairy bulls, 
reported average semen volumes of 2.7 and 3.0 ml. per ejacu- 
late for a low (70 per cent TDN) and high (130 per cent TDN) 
level of energy intake, respectively. 

Vigor, motility, and sperm concentration 

The feeding of concentrates ad lib resulted in a higher motility 
of sperm and greater sperm concentration throughout Phase I 
and during part of Phase II. Average vigor scores at the begin- 
ning and end of Phase I were 3.7 and 3.0 respectively for the 
forage-fed group and S.4 and 2.4 respectively for the concen- 
trate-fed group. Motility scores recorded for the group fed 
concentrates during Phase I were consistently higher than val- 
ues obtained for the forage-fed group. Average sperm concen- 
tration scores and estimated average number of sperm cells pro- 
duced by bulls receiving concentrates ad lib were also higher 
thoughout Phase I and during part of Phase II. These findings 
arc in accordance with results of dairy bull research reviewed 
by Casida (1959) and FUpsc and Almquist (1961). They re- 
ported attainment of puberty (sperm production and libido) at 
an earlier age and higher semen quality in bulls fed a high ener- 
g>’ intake. The quantity of feed ofTered to bulls in the Florida 
study was higher than in previous experiments and the study 
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was continued longer after puberty. The feeding of concentrates 
ad lib resulted in slightly higher semen quality during Phase I 
but by the end of Phase II, the results had reversed with the 
best quality semen being obtained from bulls that received for- 
age ad lib. These differences were not statistically significant. 

Henderson and Norton (1960) and Quicke and Phillips (1950) 
showed that moderate amounts of grass silage may be fed with- 
out impairing fertility of bulls. Flipse ei at. (1952) studied 
the effects of feeding large amounts of grass silage versus large 
amounts of concentrates to dairy bulls and reported no statis- 
tically significant differences in semen quality between the two 
groups. The findings in this experiment are in agreement since 
significant differences were not found among any of the criteria 
used to evaluate semen quality from bulls fed concentrates ad 
lib versus forage ad lib. 


Live and abnormal cells 

The percentage of live cells at the beginning and end of Phase 
I were 43.9 and 53.2 respectively in the group fed forage and 
40.0 and 72.9 respectively in the concentrate-fed group. Per 
cent of live cells was higher for bulls fed concentrale ad lib 
during part of Phase 11. At the last semen evaluation when 
the animals were approximately 22 months old, the percentage 
of live cells was 65.0 and 58.0 for forage- and concentrate-fed 
bulls respectively. Similar values were '•^ported by Flipse ct at. 
(1952) and Flipse and Almquist (1961) for 20-month-oId daio 
bulls. Hafez (1962) reported the percentage of normal sperm to 

be 60 to 80 per cent for males with higher fertility. 

The percentages of abnormal cells recorded at the first se- 
men collection were 47.7 and 42.1 in the forage- and concentrate- 
fed groups respectively. These high values were probablj due 
to faulty technique since a lower incidence of abnormal ce u.a. 
observed at subsequent semen collections. Bichan and Hu 
(1961) reported that 50 per cent of the sperm were dead in 
the first ejaculate obtained from beef calves. 1\ hen ‘he num 
of abnormalities reaches 50 per cent of the total numter of 
sperm cells in the ejaculate, ‘he ^‘ure male has ‘mpaired fer- 
tility and. as a rule, is -'‘cc^e (Nalb^ov. _19oS,^ 
review of genetic causes of fauitj g 
was reportetl by Johansson (1960). - t?. 

The incidence of pus cells was highes. in b.L. fed co,.ie..- 
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trates ad lib. Carroll et al. (1963) summarized breeding sound- 
ness data from examinations of 10,940 bulls and reported that 
inflammation of the seminal vesicles was observed in 338 of 
7,350 bulls. This condition was most common in young beef bulls 
confined together and fed a gain-producing ration. Their cri- 
teria was seminal vesiculitis were enlarged glands, pain on pal- 
pation, and pus in the semen. The latter condition is described 
in detail by Ball et al. (1964), who related the riding activity 
of bulls to the incidence of pus cells. In the Florida study, the 
highest incidence of pus cells was observed in the less active 
concentrate-fed bulls. 

Libido and mating behavior 

Libido (sex drive) is the potential intensity of sexual behav- 
ior, measured in the male as relative values based on the fre- 
quency and spacing of mounts, intramissions, and successful cop- 
ulations (Hafez, 1962) . These were evaluated twice during Phase 
II, on a hot summer day in August and a cool fall day in October. 
This was done by exposing each bull individually to an estrogen- 
ized heifer which was in simulated standing heat (estrus) and 
secured in a breeding chute. The heifers were estrogenized by 
an intravenous injection of 4 ml. of diethylstilbestrol. This was 
administered on the day prior to the mating behavior teat. Each 
bull was allowed a maximum of 10 minutes with the heifer. 
Records were kept on the degree of interest displayed by the 
bulls, the number of mounts made, the time interval to first 
mount, and the number of matings completed. 

When libido was evaluated in August, the time interval to first 
mount and time interval to first mating were 0.35 and 0.91 min- 
utes respectively for the forage-fed group and 3.3 and 4.0 minutes 
respectively for the group fed concentrates. The average libido 
score was 5.2 for the bulls fed forage and 4.1 for the concentrate- 
fed bulls (See Table 58). The libido scores indicate that 100 per 
cent (ten bulls) in the group fed forage accomplished mating 
compared to only 10 per cent (one out of ten bulls), in the group 
fed concentrates. The average temperature and relative humidity 
recorded during the first libido evaluation was 87.7°F. and 59.7 
per cent respectively and 68.7®F. and 80 per cent respectively 
during the second evaluation. At the time libido was first evalu- 
ated, the prevailing high temperature possibly had an inhibitory 
effect on the sexual drive, being more noticeable in the group fed 
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concentrates. At the second evaluation of libido in cooler weather, 
criteria such as interval to first mount and interval to first mat- 
ing were improved in both groups. In general, the lack of libido 
displayed by bulls in the group fed concentrates seemed to be 
associated with their physical condition. The excessive fatness of 
these bulls apparently had an inhibitory effect on their sexual 
drive, becoming more apparent during high environmental tem- 


Table 58. — Summary of Libido Data for the Two Treatment Groups op 
Bulls on 81st and 140th Days of Phase II 


Criteria and Treatment Groups 

81 

Day of Phase II 

140 

Interval to first mount, min. 

Forage ad lib 

1.3 

.21 

Concentrate ad lib 

3.3 

.74 

Total number of mounts 

Forage ad lib 

1.8 

1.7 

Concentrate ad lib 

3.6 

5.5 

Interval to first mate, min. 

Forage ad lib 

1.8 

1.6 

Concentrate ad lib 

9.4 

9.1 

Libido score* 

Forage ad lib 

6.2 

6.6 

Concentrate ad lib 

4.1 

4.1 

Total number of matings 

Forage ad lib 

9t 

9t 

f Concentrate ad lib 

1 

1 


*No interest, Ij Smelled and extended penis. 2; mounted and erected penis, 
3; mounted without mating in 5 attempts or 10 minutes, 4; mounted and 
mated on 2nd to 5th attempt, 5; and mounted and mated on 1st attempt, C. 
tOne bull which failed to mate during this period successfully mated at other 
periods; therefore, lOOs^ of forage ad libitum bulls mated but only one of 
the other group (10^) mated during each period. 

peratures. With dairj’ bulls, FJipse and Almquist (1961) re- 
ported a difference in reaction time to ejaculation of about 8 min- 
utes between 3-yearK)ld bulls fed a high energj' intake (9.2 min- 
utes) and bulls fed a recommended energj' intake {Ie.«.s than 1.5 
minutes). 

Grazing and non-grazing actimti' 

During Phase II, the bulls were checked for grazing and non- 
grazing activity as an indication of the relative amount of each 
kind of exercise taken by each group. They were checked for 
activity at 15 -minute internals during the daylight hours on three 
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consecutive days in September. The percentages of time spent 
grazing were 25.4 and 12.0 for forage- and concentrate-fed 
groups respectively (See Table 59). The percentages of time 
recorded as non-grazing activity were 12.9 and 5.5 per cent for 
the forage- and concentrate-fed groups respectively. Statistical 
analyses showed significant (P<.05) and highly significant (P< 
.01) differences between groups of bulls for non-grazing and 
grazing activity, respectively. Another criterion that confirmed 
the lack of activity in the concentrate-fed group was the number 


Table 59. — Summary of Data on Measures op Activity: Grazing and 
Non-Grazing Exercise* 



Forage 

AD LIB 

Concentrate 

AD UB 

Grazing Exercise 

Hours observed, totalt 

40.5 

40.5 

Animal observations, total 

2268 

1620 

Grazing observations 

576 

195 

Percentage 

25.4 

12.0 

Non-Grazing Exercise 

Hours observed, totalf 

41.25 

41.26 

Animal observations, total 

2310 

1650 

Exercise observations 

298 

91 

Percentage 

12.9 

5.5 


*Study involved 10 bulls in lot fed concentrates and 14 bulls in forage-fed 
lot. 

tObscrved from daylight (6:00 a.m.) to dark (7:45 p.m.) for three con- 
secutive days in September. 

of animals that required foot trimming. Only three feet had to be 
trimmed in the group fed forage while 28 required trimming in 
the concentrate-fed group. With dairy bulls, Flipse and Almquist 
(1961) reported that bulls continuously fed a high energy ration 
developed weaknesses of the feet and legs and lowered sexual 
activity during the third and fourth year of an experiment. 

Level of feeding in bull performance tests 
The findings of the Florida researchers cast doubt on the ad- 
visability of feeding high concentrate diets for maximum gain 
during performance tests which extend beyond 12 to 15 months 
of age or during the fitting of beef bulls after a performance 
test for sale to commercial breeders. Full feeding concentrates 
not only cost ?96.57 more but also caused physical weakness of 
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the bulls due to inactivity. This left them prone to injuries and 
could have made their eventual adaptation to ranch pasture con- 
ditions unnecessarily difficult. 

A recent review of literature by Gregory (1965) on the per- 
formance testing of beef cattle emphasi 2 ed the need for research. 
The effect of excessive fattening on subsequent reproductive per- 
formance is of especial interest because the fattening of sale 
bulls at performance test centers and on registered cattle farms 
has increased rapidly since 1960. 

In performance tests, weight gains are recorded from weaning 
to ages varying from 12 to 20 months. Properly conducted test- 
ing programs are highly recommended by cattle geneticists who 
have learned that the ability of cattle to gain weight is an in- 
herited characteristic. To illustrate the lack of knowledge re- 
garding precise feeding methods for bull performance tests, it 
should be pointed out that: 

1. Bull performance tests were started to find bulls which 
gained weight faster than other bulls under identical test and 
pre-test conditions. To get a true comparison of gainability, all 
bulls must enter a test with the same chances to gain. This al- 
most restricts performance testing to “within herd” tests on bulls 
which were raised together, weaned at the same time and fed 
similarly. 

2. Cattle breeding specialists have always discouraged the com- 
parison of results (average daily gain on test and/or lifetime 
average daily gain) of bull performance tests conducted on 
different rnnches or in different bull test centers. The obvious 
reason for such action was that feeding and management prac- 
tices, especially the pretest handling of bulls, was sure to be 
different. 

3. Proponents of bull performance testing did not specify a 
high-concentrate feeding program designed to obtain maximum 
weight gain but specified only that all bulls should be provide<I 
free access to the same feed. 

A trend toward the use of high-concentrate diets and confine- 
ment feeding to get maximum gains in bull performance tests 
is not based on research findings; actually, the cost of such 
feeding programs is higher and the danger of physically handi- 
capping the bulls is greater when compared with the ad lib fe<-d- 
ing of forage and a limited concentrate supplement in large lo.i 
or pastures. Koger and Knox (1951) stated that grow'th of 
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beef cattle prior to feeding age was positively correlated with 
gain in the feedlot”; that '*when environment is constant for 
different animals, there is a positive relationship between gains 
made at different periods (ages)"; that "from a practical view- 
point, adaptability to range conditions, as measured by growth, 
showed a positive correlation with feedlot gain.” Their research 
would indicate that the full-feeding of adequately supplemented 
forage diets in performance tests would effectively select bulls 
with the ability to gain fastest on either high-forage or high- 
concentrate diets. Warwick et al. (1964) in a study of twin beef 
bulls fed on high- and low-concentrate rations stated, "the re- 
sults suggest that the safe procedure would be to select beef 
breeding stock under an environment similar to that in which 
their descendants would be produced commercially.” In the South- 
eastern Gulf Coast states, most beef calves are raised to weaning 
on pasture and are grown to maturity or desired feedlot weights 
on pasture or high forage diets. This situation plus the high cost 
of concentrate feeds virtually dictates that performance testing 
of beef bulls in this region be done on high-forage diets. If it 
became necessary to measure inherited ability to fatten quickly 
on high-concentrate diets, a companion test (concurrent with bull 
performance test) with half-brother steers grown on a high- 
roughage diet but finished on a high-concentrate diet would be 
preferred. The latter also affords the opportunity to evaluate car- 
casses. Because a performance test record of a bull’s average 
daily weight gain has less value than a carcass test record of 
his gain of edible lean, fat, and bone, many organizations sponsor 
carcass tests in conjunction with feeding performance tests as 
an adcfftionaf means of identifying superior herd sires. 

“Letting down" fitted bulls 

Prolonged stress may be endured in "letting down” excessively 
fat bulls by the usual practice of restricting them to pasture or 
other forage. The catabolism (removal by utilization) of excess 
deposits of body fat presents a need in the diet for other feed 
nutrients, especially protein, soluble carbohydrates, minerals and 
vitamins. These nutrients are not abundant in pasture grass 
which has been frosted ; consequently, bulls being "let down” in 
the fall or winter months should be offered a limited quantity of 
supplemental feed in addition to forage to ensure an active rumen 
microbial fermentation, the microbial synthesis of B-compIex 
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vitamins, normal levels of plasma protein, and the maintenance 
of operation within the body tissues of the tricarboxylic acid 
cycle by which depot fat is converted to energy, carbon dioxide, 
and water. In the absence of these nutrients, ketosis (acetone- 
mia) and other diseases of nutritional origin may develop and 
affect reproductive performance. 

Undernutrition 

Undernutrition of beef bulls is not likely to occur except dur- 
ing the breeding season when the increase of sexual activity 
limits the time available for herd bulls to obtain enough pasture 
forage to maintain body weight. Ironically, the limited research 
which has been reported on the underfeeding of beef bulls has 
been done with calves and yearlings. Several extensive studies 
of the effects of undernutrition of dairy bulls have been reported 
but few include data on mature bulls. Furthermore, most of these 
studies have reported only the effects of level of feeding rather 
than the specific nutrients in the complex of undemutn'tion which 
are responsible for failures in reproduction. The application of 
these research findings to beef cattle ranch situations would have 
to be done prudently. 

It is generally believed that undernutrition affects the repro- 
ductive performance,of bulls in at least three ways: abnormal 
mating behavior dueUo weakened physical condition, subnormal 
semen quality associated with changes in tissues of se.x glands, 
and delay in attainment of puberty. 

Abnormal mating behavior due to weake.ned 

PHYSICAL CONDITION 

In experiments with Angus yearling bulls, Jleacham et al. 
(19G3) compared adequate and low protein diets. Because feed 
intake was depressed by the low protein diets (less than 2 per 
cent crude protein), the effect of the low protein diet wa.s actual- 
ly protein-calorie undemutrition. Libido, as measured by allow- 
ing individual bulls ten minutes with a heifer in estnis. declined 
in the protein-calorie deficient bulbs. The decline in libido, as 
seen in slowness to mount and mate, progressed in a*»ociation 
with increasing physical weakness and emaciation, fsear the end 
of each experiment, the protein-calorie deficient bulbs skotieJ 
little interest in the heifer. The authors acknowledge di.wculty in 
differentiating between physical weakness and endocrine dss.ur- 
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bance as the causative factor for the libido decline; however, it 
was evident that libido was adversely affected sooner than semen 
production. In fact, motile sperm cells were being obtained by 
electroejacuiation from most of the deficient bulls after the de- 
cline in libido and up to the point of death from starvation. The 
authors indicate that libido may be the limiting factor in a bull's 
reproductive performance under conditions of severely reduced 
protein-calorie intake accompanied by a large weight loss. 

Subnormal semen quality associated with changes 
IN tissue in the sex glands 

Meacham et al. (1964b) with beef bulls and Bratton et al. 
(1959) and Van Denmark and Mauger (1964) with dairy bulls 
reported that protein-calorie deficient diets caused retardation 
in growth and some degeneration of the reproductive tissues. 

When compared with similar bulls fed adequate diets, Mea- 
cham et al. (1964b) reported that protein-calorie deficient bulls 
had: (1) smaller secondary sex glands (seminal vesicles, Cow- 
pers and prostate glands) and a smaller content of secretory 
tissue, an indication of reduced activity; (2) smaller amounts of 
interstitial tissue in the testes, an indication of reduced produc- 
tion of testosterone; (3) thinner germinal epithelium containing 
fewer layers of germ cells in the seminiferous tubules and (4) 
smaller concentrations of fructose and citric acid and less 5- 
nucleotidase activity in the semen, all probably being expressions 
of reduced testosterone production (Shirley et al., 1963). Others 
(Flipse and Almquist, 1961; James, 1950, and Olson, 1952) also 
reported adverse effects of a low energy intake on semen vol- 
ume and motile sperm output, especially during the early weeks 
of semen production. On the other hand, Mann and Walton 
(1953) noted that underfeeding a five-year-old Dexter bull for a 
23-week period to obtain severe weight losses failed to depress 
motile sperm production or volume and changed only the compo- 
sition of accessory gland secretions. 

Unlike the finding of Van Denmark and Mauger (1964) with 
dairy bulls which had been underfed for a longer period of time, 
8 to 46 weeks of age, Meacham et al. (1964b) found that the 
retarded or degenerate morphology of some of the reproductive 
tissues was not permanent and was corrected by offering the 
yearling bulls an adequate diet. Likewise, within 6 weeks after 
return to the adequate diet, semen concentrations of fructose 
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and citric acid and 5-nucIeotidase activity had increased mark- 
edly. A more rapid recovery of the secondary glands than the 
germinal epithelium was indicated by a rapid increase in semen 
volume and motility but no increase in sperm concentration. 

Delay in attainment of puberty 

The effect of a restricted nutrient intake, especially protein 
and total digestible nutrients (energy) , by young bulls has been 
shown by extensive investigation (Van Denmark and Mauger, 
1964; Flipse and Almquist, 1961; Flipse et at, 1953; Bratton et 
at, 1959 and 1961; Davies et at, 1957; James, 1950; Olson, 
1952; Baker et at, 1955) to retard growth, decrease rate of 
development of the testes, increase age at which motile sperma- 
tozoa are first produced, and delay expressions of sexual interest. 
Restoration of full feeding provided complete recovery of repro- 
ductive performance in most cases of underfeeding during the 
first two years of life. Exceptions were bulls which had been 
underfed for 46 months before restoration to an adequate nutri- 
ent intake (Van Denmark and Mauger, 1964) and severely under- 
fed bulls (Meacham et at, 1964b). 

In summary, undernutrition in early life may delay the initi- 
ation of semen production in bulls while overfeeding in later life 
may decrease libido and physical strength. The need for further 
research to broaden our understanding of the effects of under- 
nutrition and overnutrition on reproductive performance in bulls 
is increasingly becoming evident. At the present time it is diffi- 
cult to point to improper nutrition as the direct cause of impaired 
fertility in mature beef bulls, yet reports of a high incidence of 
low fertility among beef bulls are common. The confusion sur- 
rounding the role of nutrition stems from a lack of knowledge 
about specific nutrients as essential factors for fertility. 
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Level of Feeding and Mammary Development 


The problem of the low milk producer is present in many beef 
herds. A rather common experience is for an excellent type, 
large, fat heifer to yield a small, slow-growing calf which finishes 
at weaning in the lower half of the calf crop. When this occurs, 
the breeder questions the advisability of keeping either the heif- 
er or her calf, because he fears the poor growth trait may be 
inherited. The major cause of the deficient growth is also as- 
sumed to be the poor lactation ability of the heifer. Thus, a 
question is raised, in the breeder’s mind, regarding the compat- 
ibility of rapid growth, as exemplified in the heifer, and good 
lactation, which was not obtained from the heifer. He may also 
assume that the heifer has an inheritance for poor lactation be- 
cause a heifer in such good physical condition certainly should 
have milked well if she had possessed an inherited potential for 
good lactation. 

The heritability of growth efficiency and lactation has been 
well established. The bulk of the evidence indicates, furthermore, 
that they are inherited independently. This means that a breeder 
could select successfully for one of these factors alone. That is, 
lactation efficiency could be stressed to the exclusion of body 
growth and size — which might result in high milk yields from 
moderately sized or small type cows. This has been achieved 
between the dairy breeds. The Jersey breed, for example, has 
small calves which grow at a slow rate, yet many Jerseys have 
developed into mature cows weighing 1,000 pounds which are 
capable of producing 15,000 to 20,000 pounds of 4 per cent fat 
equivalent milk yearly. Research has also show that, with equal 
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lactation efficiency and other factors, the larger the mature size 
of the cow the more milk it should produce. However, selecting 
dairy type cows solely on the basis of size will not increase the 
lactation efficiency or average milk yields, and could possibly re- 
sult in a lowering of lactation potential. In fact, if the lactation 
yield were ignored and efficiency of body growth and weight 
gain stressed, it would be possible to develop a beef type breed 
from present dairy stock which might yield no more milk than 
is now common within the present beef breeds. It should be 
possible, also, to increase lactation of beef breeds by appropriate 
selection whenever this is desirable. 

The importance of lactation in a profitable beef cattle oper- 
ation has been stressed in practically every study of factors 
which affect quality of calves and efficiency of production. The 
most important factor affecting net income in a calf raising and 
feeding operation has been found to be weaning weight of calves. 
Weaning weight, in turn, is influenced more by the dam’s milk 
production than by any other factor. Therefore, all factors, both 
environmental and hereditary, which affect milk yield of beef 
cows are of first importance. 

A common assumption is that the most rapid growth rate is 
the most desirable growth rate, and this is true if growth or body 
gain is the major objective. However, if production of large 
calves at weaning is your major objective, of what value was the 
rapid growth rate of the mother which yields the calf? A small 
heifer that is a good milker may yield a larger weaned calf than 
a large, fat heifer of lower lactation ability. The heifer pa.s3e3 to 
the calf part of its inherited body growth characteristics and 
feeds the calf with all of its milk. For the full growth of the 
calf, both are important, but the milk is of greater importance 
in the first year. For this reason it is essential that successful 
beef breeders know the effect of growth rate and fattening upon 
lactation ability of heifers. It has been found that growth rate 
can influence milking ability of heifers later in life. 

The relationship of rapid growth and poor lactation was first 
brought to my attention by a Missouri experiment (Herman, 
ft ol., 1948) which was designed to produce “supergrowth” of 
Holstein heifers. These heifers would have reached normal ma- 
ture sire at two years of age and were expected to m.ilk m.uch 
better than normal heifers because of their super-adequate rear- 
ing rations. After taax> dozen of the supergrov/th heife-'S ha/1 
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calved and failed to milk as well as contemporary control heifers, 
this investigation was terminated and considered a failure. Cer- 
tainly, no dairyman wants to use large quantities of extra feed 
just to get a large cow which will not milk as well as an average- 
sized one. The observation was made that the supergrowth heif- 
ers during lactation were heavy and coarse in conformation and 
that their udders were flabby. It was also noted that their second 
and third lactations were disappointingly low. 

The significance of the above experiment to beef breeders 
would be obvious if one could be sure that the control heifers 
and fattened heifers had been originally equal in lactation poten- 
tial. Both control and fattened heifers were purebreds from the 
University of Missouri herd. The supergrowth heifers had been 
reared similar to the way better managed beef calves are reared. 
They had received about as much whole milk and concentrates 
as they would consume consistently and only the finest quality 
roughage. Their bodies were round and fat, and they were broad 
across the withers. They seemed to be in excellent health. They 
were bred, conceived readily at fairly early ages, and calved 
without difficulty at about two years of age. There seemed to be 
no reason to suspect that their fast, fat growth was in part 
responsible for their low milk records; so a question about their 
actual inherited lactation ability persisted. 

The next significant development in studies of the effect of 
growth on lactation was the use of identical twins in Sweden and 
Germany. European geneticists had demonstrated that they could 
accurately identify identical twin calves and that if they were 
fed and managed alike that their lactations were unusually alike. 
This is true because they are exact duplicates genetically, so 
their inherited lactation abilities were equal. Another surprising 
observation was that if one twin were underfed and its mate 
were overfed during growth they, too, milked almost exactly 
alike (Hansson, 1956a) . A combination of two experiments with 
17 pairs of Swedish identical twins showed that the highfed 
heifers averaged 1,037 pounds in weight and yielded 6,787 
pounds of milk; the lowfed heifers averaged 831 pounds in 
weight and yielded 6,418 pounds of milk (Table 60). These 
results led Dr. A. Hansson of the Animal Breeding Institute of 
Sweden to surmise at first that lactation ability of cattle is a 
very firmly inherited factor that is not influenced significantly 
by rather wide differences in rearing intensity. 
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However, another explanation was considered. It has been well 
accepted that poorly fed heifers would not milk as well as those 
normally fed. Could it be that in these experiments neither the 
highfed nor the lowfed heifers had yielded as much milk as nor- 
mally-reared heifers should have? This question was soon put to 
the experimental test at several stations. 

At the University of Tennessee we first conducted a com- 
parison of supergrowth and normal identical twins (Swanson, 
1960) . Seven pairs of twins, mostly Jerseys, were used. One of 


Table 60. — Growth and Lactation Comparisons or Swedish Identical 
Twin Heifers Reared on Above Normal and Subnormal 
Rations 


Experiment 

1 TO 27 MO. 
PEED* 

Calving 

WEIGHT 

First 

Milk 

Lactation 

Fat 


(Units) 

(Ib) 

(Ib) 

(%> 

I (9 pr, twins) 

High 

3,705 

1,003 

6,994 

3.7 

Low 

1,928 

766 

6,409 

3.6 

11 (8 pr. twins) 

High 

3,468 

1,076 

6,656 

3.9 

Low 

2,196 

904 

6,428 

8.8 

Avg, Both Exp. 

High 

3,593 

1,037 

6,787 

3.8 

Low 

2,055 

831 

6,418 

3.7 

Low/High (%) 

57 

80 

95 

97 


Source: Hansson (1956b). 

*Normal feed unit consumption would be about 2,800 units. 


each pair was fed from about four months to two years of age 
all of the grain it would consistently clean up plus a limited 
amount of hay. The other twin was fed only roughage after 10 
to 12 months of age. These differences in rearing resulted in fat 
heifers weighing 899 pounds compared to reasonably lean (nor- 
mal) heifers weighing only 683 pounds at two years of age. 
Typical appearance of the pairs at 14 months and two years of 
age are shown in Figures 11 and 12. Growth curves and the aver- 
age daily milk yields of these heifers are shown in Figure 13. 
In the first lactation, the fattened heifers averaged only 3,397 
pounds of milk compared with 4,003 pounds of milk from the 
normal twins. Thus, the overfed heifers which exceeded their 
mates 33 per cent in weight were able to produce only about 83 
per cent as much milk as normal (Table 61). In second lactations 
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Table 61. — Summarv of Effects of Subnormal and Supernormal Rear- 
ing ON Size and Lactation in Two Experiments with Ten- 
nessee Identical twins. 


WEIGHT First lactation Second lactation 


AT FIRST NO. DAYS 
CALVING (LBS.) MILKED 

4% FAT 
MILK (LBS.) 

NO. DAYS 
MILKED 

4 % FAT 
MILK (LBS.) 

Expt. I (7 pr. twins) 
Fattened 964 

186 

3,397 

177 

4,043 

Normal 727 

206 

4,005 

197 

4,366 

Fat/Normal, 

% 133 

90 

85 

90 

93 

Expt. II (6 pr. twins) 
Subnormal 582 

259 

4,117 

284 

6,346 

Normal 743 

264 

4,745 

284 

6,119 

Sub-N/ 

Normal, % 78 

98 

87 

100 

104 


five of the pairs averaged 4,366 pounds of milk by the normal 
twins compared to 4,043 pounds by the fattened twins. Although 
the fast-grown heifers had not all attained normal lactating 
ability by the second lactation, two of the five were equal to or 
above their mates by this time. 

^ The results of comparing overfed and normal twins were so 
significant that further effort was made to discover the best 
method of rearing heifers to preserve or develop full lactational 
ability. Underfeeding of heifers is widely prevalent on dairy 
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farms, and, although it was believed to be a poor practice, an 
experiment with identical twin heifers was set up to compare 
normal versus underfeeding (Swanson and Hinton, 1964). Six 
pairs of twins completed the test. The normal twin was fed only 
roughage after 10 to 12 months of age, and the underfed twin 
was fed one-half to two-thirds as much as the normal one. This 
resulted in two-year-old weights of 743 and 582 pounds for the 
normals and subnormals, respectively. Two representative pairs 
of twins from this experiment are shown in Figure 14. The first 



FIGURE 12. Front and rear views of a rej^esentative pair of Wertcal twins at fint 
calving showing the great difference In size twtween normally reared heifers and those 
fed liberally with concentrates. The larger twin gave only about B5 per eertt as much 
milk as the normal twins. 

lactation curves are shoum in Figure 15, and they show that the 
subnormal twins started lactation at only 75 per cent of the nor- 
mal but ended the total yield at 87 per cent of normal. In the 
second lactation most pairs milked almost e.xactly alike. 
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FIGURE 13. To(>— tveracs KTOwth curm ef fattened and normal Identical twins. Pif* 
ferenes In feedinc betan at 4 to 6 months. Normals ended tllEhtly below breed stand- 
ard weljtits, fk m o m -^vertge first Uctatloo curves of Identical twins eomparinc normal 
rearlnt with rapid cmwth and fattenlne- Doth c^ups were fed adequately and alike 
durint the lactation. 
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Experiments are now in progress at the University of Ten- 
nessee (Swanson, ct al., 1965) which indicate that considerable 
variation in growth rate in the normal to low-normal range will 
have no effect on lactation if the feeding level in the two to three 
months before parturition is liberal. Eight pairs of identical 
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twins have now completed or are well along in lactation on this 
test. Up to 12 weeks before first calving, one of each pair was re- 
stricted in feed to about 70 per cent of normal while the other 
twin received grain and hay according to normal feeding prac- 
tice. During the last 12 weeks prepartum the well grown twins 
continued to receive all of the good hay they could eat, but their 



FIGURE 15. Average lactation curves of JdentJcol buins used I/} comparing under* 
feedine and normal rearing before first calving. 


underfed mates were fed hay plus six to ten pounds of concen- 
trates daily. They were fed alike on concentrates plus roughage 
free choice after calving. In nearly cver>’ pair the smaller twin 
fed grain before calving outmilked her larger sized mate for 
several weeks. Preliminar>' calculations .show that the average of 
the first eight pair.s for 32 weeks was 5,273 pounds of milk for 
the larger controls and 5,574 pounds for the slower growing 
twins. 

Results quite similar to those with the Tennessee twins have 
also been reported by Ilansson with Swedish identical twins over 
a range of five controlled rates of growth. The differences in 
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feeding during growth were terminated at 25 months of age, and 
the heifers calved at 27 to 30 months; so all were fed alike and 
adequately for two to five months before calving. A summary 
of these results is presented in Table 62. The results show that 
underfeeding as much as 40 per cent below normal in the early 
growth period did not depress lactation under these conditions. 
On the other hand, overfed heifers receiving twice the feed of the 
underfed group during the early growth period were definitely 


Table 62. — Growth and lactation Responses of Identical Twin Swed- 
ish Heifers Comparing Five Feeding Levels from Sixty to 
125 Per Cent of Normal 


Growth 

Period 

Feed 

PIaANNED 

1 TO 25-MO. 
Feed 

Consumed 

1 TO 19 MO- 
Daily 

Gain 

36-WK. 

Milk 

Yield 

Milk 

Yield 

Per Cent 

OF Normal 

i% of Norm) 

(Units) 

(Ib) 

(lb) 

(%) 

60 

1646 

1.0 

6857 

103 

80 

2137 

1.2 

6919 

104 

100 

2667 

1.4 

6635 

100 

120 

3111 

1.5 

6305 

95 

140 

3348 

1.5 

6661 

85 


Source: Hansson (1956b). 


subnormal in lactation, averaging only 85 per cent of the normal 
twins’ yield. 

Several other experiments have indicated that overfeeding dur- 
ing growth either does not enhance Jactation or may actually 
depress lactation. Reid et al. (1964) at Cornell reported that 33 
trios of Holstein heifers reared on low, normal, or high levels 
milked about the same in the first lactation ; but in second, third, 
and fourth lactations the high group averaged slightly below the 
others. Eskedall and Klansen (1958) in Denmark reported that 
122 Jersey heifers reared at low, normal, and high rates pro- 
duced in their first lactations 381, 363, and 350 pounds of milk 
fat, respectively. The normal and low heifers were fed some con- 
centrates for six weeks before calving, yet they were still small- 
er in body size than the high group at calving. Stahl and Mudra. 
(1961) in Germany compared normal rearing with two levels of 
subnormal rearing in which the underfeeding continued through 
two lactations. Average lactation milk yields of the lowest sub- 
normal group were 6,090 pounds compared with 6,305 pounds by 
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the normals. Crichton et al. (1960) in England compared the 
effects of four different rearing combinations on lactation, using 
18 pairs of identical and six pairs of non-identical twins. All 
groups were fed adequately during lactation. The two groups fed 
low rations in the early growth period yielded slightly more 
(6,166 lb. and 6,156 lb.) milk in the first lactation than the two 
groups reared early on high rations (5,998 lb. and 5,359 lb.) . 

Cattle are not the only animals in which supergrowth can limit 
lactation. Sykes et al. (1948) reported that fat rats failed to 
raise their young as well as rats which were kept lean before 
parturition. Swanson and Spann (1954) confirmed these obser- 
vations with rats and noted that the pups from the fat rats 
were actually starving because of inadequate milk. General rec- 
ommendations in swine and sheep husbandry, (Morrison, 1956) 
warn against having sows or ewes in very fat condition at far- 
rowing or lambing. Records of milk yields from these species 
have not been correlated with body condition in enough experi- 
ments to be sure that the recommendation to avoid fattening is 
related to lactation. However, the implication is that leaner sows 
and ewes make better mothers and produce plenty of milk. 

The bulk of the evidence is quite definitely against fattening 
in the early growth period if full lactation potential is to be de- 
veloped. The reasons why fattening limits lactation are not so 
definite. Certainly the cause of the limited lactation of the fast 
growing, fattened animals should not have been any nutritional 
deficiency, as it is not logical to associate very rapid growth with 
nutritional deficiencies. In most of the experiments cited above, 
excess vitamin, mineral, and protein supplements had been pro- 
vided both overfed and underfed animals to avoid deficiencies of 
any of the nutrients known to be required except energy. 
Furthermore, when a known energy deficiency was purposely 
deve’''ped, it did not prevent normal lactation if adequate nutri- 
tion \vere initiated about two months before calving. 

The best clue we have to the reason for supergrowth depres- 
sing lactation is the effect it appears to have on the mammary 
gland. The mammary glands of four of the Tennessee twin pairs, 
comparing fattened and normal heifers, were fixed, stained, and 
cut into slices. All glands from the normally reared heifers ■were 
essentially normal in gro.ss appearance and structure. Three of 
the four glands from the fattened twins were abnormal in in- 
ternal structure. The outer areas of what should have been milk 
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secreting tissue were filled with cysts or cavities (Figure 16). 
These spaces were connected to the ducts of the normal part of 
the mammary gland, indicating that they were probably part of 
the gland which failed to develop properly. The fattened twins 
which differed most in lactation from their normal mates also 
had the greatest degree of abnormal udder structure; so there 
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was an association between the udder deficiency and the lactation 
deficiency. 

The mammary glands of the calf at birth consist of not much 
more than small teats and tiny cisterns of the glands just above 
the teats. The beginnings of the duct system are around the peri- 
phery of the rudimentary gland cistern, similar to buds on the 
trunk of a grapevine. These buds can grow upward into the loose 
connective tissue of the immature udder, and, as the heifer ma- 
tures, the duct system expands in this manner until its branches 
occupy an area of 20 to 30 square inches on each side. The udder 
is also the site of deposition of a mass of fat in calves which 
are overfed. The fat replaces the loose connective tissue from 
above in competition with the mammary growth which is develop- 
ing from below. The poor or abnormal growth of mammary gland 
secreting tissue into the fat-packed udder area of fattened calves 
may be due to a physical interference, or it may be due to an 
interference with the normal movement of hormones required 
for normal gland development into the area. It has been shown 
experimentally that abnormal hormone treatment can produce 
abnormal mammary glands which are deficient in lactation, so it 
is quite possible that the true cause of deficient development of 
fat mammary glands is associated in some way with hormone 
action. 

Overfeeding in one generation of heifers could result in under- 
privileged sucklings in the next generation. To avoid this it 
would be necessary to separate breeding stock heifers from the 
fattening group at an early age, e.g., four to five months, and 
from that age on bring them along at a moderate growth rate, 
avoiding fattening as much as possible. The costs in producing 
such heifers would be lower, and the profits from their calf crop 
should be higher. Another advantage to avoiding fattening of 
young beef heifers to allow for normal lactation potential to de- 
velop, is the increased genetic accuracy one could depend on in 
culling dams because of poor calf gains. A cow which fails to 
lactate because her udder hasn’t had a chance to develop prop- 
erly may be a genetically acceptable milker; but one that can’t do 
the job after optimum rearing is undoubtedly an inherently poor 
milker. If from generation to generation continued improvement 
of cows in selection for lactation is to be effective, development 
of lactation potential should not be inhibited by either very fast 
or unusually poor growth. 



FEEDING AND MAMMARY DEVELOPMENT I35 

Although these observations and theories indicate that the 
intensity of early growth of the calf can affect mammary develop- 
ment, what about heavy feeding or fattening in the later growth 
period? Assuming that the above explanation is correct, rapid 
growth or fattening after the mammary gland has been develop- 
ed normally should not depress lactation potential. In the usual 
course of events, the mammary gland develops most rapidly in 
the first few months after the heifer conceives. By the sixth 
month of gestation the internal structure of a heifer's mammary 
gland shows nearly complete development. Fattening after this 
stage should have very little effect on the mammary gland, 
whereas a heifer which is very fat at time of breeding and kept 
fat throughout gestation may be expected to have a lactation de- 
ficiency due to improper gland development. 

A number of experiments (Hancock, 1953, and Broster ct al., 
1964) have shown that heifers in average body condition, fed 
liberally during the two to three months before calving, usually 
milk at a higher rate than those fed more restricted ratton.s — 
such as roughage only. Concentrate feeding in the prepartum 
period will produce some fattening, but at this stage it cannot 
interfere with mammary development. The excess body condition, 
however, is available for milk formation in cows of high lactation 
potentiiil. Liberal feeding of the prepartum cow or heifer is a 
common practice in dairy husbandry because it results in high 
levels of initial lactation. 

From a practical standpoint in beef cattle operations, the pos- 
sible effects of lactation depression due to heifer growth and 
fattening in respect to the level of milk yield presently obtained 
should be considered, as it may affect the weaning weight of the 
calf. In the fattened dairi’ type identical twins cited above, the 
average deficiency in lactation was about 600 pounds in the Ten- 
nessee study and 1,000 pounds in the Swedish study. Within 
pairs, differences were as high as 2,400 pounds of mdx and dif- 
ferences were just as large in low p.roducing twi-s as in the tetter 
producers. A beef heifer with a potential normal yield of 2..5CO 
pounds mav end up with only 1.700 pounds of m.ilk or less f-r 
her c.nlf if she had been kept too fat in early grc-/.-th. In t.-.ti 
range of milk yield, the gain of the cal? wculi U at-. -t TO 
pounds below normal. If. on the other hani, the nc.-nmil ji-l i cf a 
l>eef heifer were 4.000 pounds of milk, ev en a l.C-:-,' i-. . n f r-l 
tion w-ould allow for a very des.ratle calf w.ran-ng v e./nt. 
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How much miik is presently being produced by our average 
beef cows? Several carefully collected records have been made 
of milk yields of beef cows under practical conditions. Neville 
(1962) reported from Georgia that 61 Hereford cows over a 
three-year period average 2,256 pounds of milk in a 240-day lac- 
tation. Gilford (1953) reported that Arkansas cattle under pas- 
ture conditions yielded the following: 57 Herefords averaged 
1,303, 11 Angus averaged 1,972, and 8 Shorthorns averaged 
1,983 pounds in 240-day lactations. Milk yields of 7 Angus cows, 
reported from Wisconsin by Cole and Johansson (1933), which 
were milked twice daily throughout their lactation for four lac- 
tations averaged 3,100 pounds of milk. The latter information in- 
dicates that milk yields of beef cows suckling calves might have 
been higher if greater consumption of the milk by the calf had 
occurred early in lactation. The inability of the calf to consume 
the cow’s full potential milk yield in the first month of lactation 
results in a decrease of yield to a practical maximum equal to 
the calf’s appetite. Milk left in the udder accelerates the drying 
off process. The low production of many of the cows which have 
been studied, however, was not due so much to short lactations 
as to very low initial lactation levels. Several of Gifford’s cows, 
for example, averaged less than four pounds of milk per day for 
nearly eight months, and the maximum daily yield of one-fifth 
of his cows was less than 6.5 pounds. 

How great a milk yield should we strive to attain in our beef 
cows? Obviously it is unnecessary to have a cow capable of pro- 
ducing 50 pounds daily if the calf will not take more than 10 or 
15 pounds. However, if the calf could use up to 20 pounds and 
the cow can provide only five or six pounds, the potential rate of 
gain of the calf will not be achieved. Records of hand-fed calves 
show that they can often consume one-fifth of their body weight 
daily as milk alone. Numerous research reports have empha- 
sized the importance to calf growth of an abundant milk supply 
from the dam. Gifford (1953) showed that calves from cows 
which in their first month of lactation gave more than 13 pounds 
of milk daily (averaging 15.6) weighed 121 pounds more at 240 
days than calves from cows averaging only 5 pounds of milk per 
day. Furthermore, this growth advantage persisted in later life. 
He found that of heifers kept in the herd to 36 months of age, 
those from the better milking dams averaged 109 pounds heavier 
than those from poorer milking dams. This observation indicates 
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that a desirable growth rate and a moderate lactation potential 
in beef cattle are not incompatible, but may, in fact, be com- 
plementary. 

The actual amount of this "moderate,” desirable milk yield has 
been indicated from analyses made by Neville (1962) to be at 
least 2,500 pounds in 240 days. Below this level, calf gains were 
7 to 8 pounds for each 100 pounds increment of milk, but above 
this, the increased calf gain was only about 4 pounds per 100 
pounds additional milk. Thus, a cow giving 3,000 pounds of milk 
may have a calf weighing only 20 pounds more than the calf from 
a 2,500 pound producer; but the calf from a cow giving 2,000 
pounds of milk would weigh 40 pounds more than one from a 
1,500 pound producer at 240 days. Beef cows with the highest 
milk yields can be expected to wean the largest calves, but at 
yields much over 2,500 to 3,000 pounds, part of the milk is used 
by the calf in place of other feed which might be available at 
the same time. Cows yielding 2,500 pounds of milk in 240 days 
will be milking at the rate of 16 to 18 pounds daily in the first 
month, and even potentially higher yielding cows can give only 
as much as the calf will take, which is usually less than 20 pounds 
daily in the first month. The milk supply then decreases gradu- 
ally, but the calf’s appetite increases as it grows and develops: 
so calves start to supplement their milk diet at an early age with 
grass or grain. 

Another method of determining the yield of milk desired from 
beef cows would be to establish the gain in calf weight desired. 

On the average, 10 pounds of milk will produce one pound of gain 
in calf weight. Therefore, a gain of 240 pounds (1 lb/d.ay) would 
require 2,400 pounds of milk if the gain came entirely from 
milk. Usually from one-third to one-half of the 240-day gain can 
be obtained from feeds other than milk; so cows producing 2,400 
pounds of milk would have calves gaining 320 to 450 pound,s, 
depending on the qualitj- of the supplemental feed. If a 500 pound 
gain were desired, a yield of about 3.000 pounds of milk would be 
desirable, with additional good supplemental feed. 

The level of milk yield which one should strive for in beef 
cattle, therefore, is about 2.500 to 3.000 pounds in eight months, 
which should give under good feed conditions 520 to 575 pound 
calves at weaning. From sursey studies which have been made, 
the majority of beef cows and heifers are not attaining this level 
of milk production. This means that any environ.m.ental block to 
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the achievement of full lactation potential will likely reduce calf 
growth and profits significantly, as it may change a barely ade- 
quate milker to a definitely inadequate one. Therefore, avoiding 
overfattening of beef heifer calves to be kept for replacements 
is worthy of most careful consideration. The most desirable re- 
placement heifers will be those fast-growing calves from desir- 
able type cows which are heavy milkers. These calves are also 
the ones most likely to get too fat in early growth; so a decision 
should be made early enough to reduce their feed intake in time 
to prevent damaging their lactation potential. 

Summary 

The primary inherited distinction of good beef cattle is the 
ability to gain weight rapidly and efficiently. In pursuing this 
trait the ability to yield acceptable quantities of milk may have 
been overlooked, for beef cows are often rather poor milkers. It 
is possible also, that the traits for rapid gain and good milk yield 
are either inherently or practically incompatible. Long time ob- 
servations of breeders support the notion that very fat heifers 
make poor brood cows. Experiments with dairy heifers designed 
to produce excessively rapid growth and fattening have indicated 
that the lactation deficiency in such animals may not be inherited. 
Potentially good milkers have been turned into poor milkers con- 
sistently by overfeeding during the early growth period. Experi- 
ments with identical twins, which will milk alike if managed 
alike, have shown that either overfeeding or serious underfeed- 
ing during the development period results in lactations about 15 
per cent or 800 pounds below normal. The lactation deficiency of 
the underfed heifers can be corrected simply by proper feeding, 
especially feeding well in the last two or three months before 
calving. The cause of the lactation deficiency in the fattened 
heifer, however, is most likely a structural defect in the develop- 
ing mammary gland. This defect cannot be corrected by simply 
reducing the high physical condition, and it may persist in a fat- 
tened udder through several lactations. For this reason avoiding 
overfattening in early growth of beef heifers is an important 
factor in assuring optimum lactation which is required for at- 
taining the objective of heavy weight weanling calves for market. 
Special management to avoid excess fattening of heifer calves 
may be needed because the most desirable replacement heifers 
are the ones most likely to grow too fat. 
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Bull Growth^ Management, and Fertility 


The ability of a bull to bring about conception in cows depends 
upon three primary factors which are often affected by growth 
or management. The three factors are: the ability to breed, the 
desire to breed, and the formation and ejaculation of semen of 
satisfactory quality. A bull must possess all three qualities before 
he can be classified as a satisfactory breeding sire. Cattlemen 
observe a bull breeding a cow and may conclude he is fertile, 
the opinion being based upon two of the factors, ability and de- 
sire. A veterinarian may make a similar mistake by concluding a 
bull is satisfactorj' following an examination of the bull and the 
qualitj' of his semen. Desire or libido may bo lacking. A joint 
opinion by both the cattlemen and the veterinarian, of course, 
would cover the three aspects. L.et us consider these three en- 
tities one at a time and see how they may be affected by growth 
and management. 



FACTORS AFFECTING CALF CROP 


140 

find his place on the social ladder of bulls, must challenge and 
fight all the bulls in the herd. Under such conditions, the young 
bull can often end up permanently crippled. 

Two factors of growth and management are involved. First, 
there is the problem of excessive weight. No coach would put a 
wrestler or boxer into the ring until he is properly conditioned. 
The second factor is structural strength of bone and tendon that 
comes with age and maturity. In short, young fat bulls should 
be given an opportunity to harden up and mature before being 
placed into the breeding herd. This letting down or hardening up 
must be done with care, or conditions which affect semen quality 
may develop. These conditions will be discussed later. 

The inability to copulate because of insufficient penile length or 
juvenility is a very common condition observed in highly' fitted 
young bulls. It is quite possible to produce juvenility by insuf- 
ficient feeding or growing bulls, but it is necessary to reduce the 
ration below 60 per cent of normal (Reid, 1959). These are star- 
vation conditions and they are rarely observed under the present 
system of growing and selling bulls. Sexual development is also 
retarded by other conditions of the young bull (Arthur, 1964) . 
This is a much greater problem at the present time than an in- 
sufficient diet. Sexual retardation is particularly evident if the 
conditioning process is started during early calfhood (Arthur, 
1964) . Most bulls so affected with retardation will recover in 
about six months when placed on a normal maintenance diet. The 
condition tends to become permanent if bulls are kept in an over- 
fat condition beyond the period of two years of age. This condi- 
tion might be termed induced juvenility. It is important to point 
out that juvenility may also be inherited. When juvenility does 
not correct itself within six months after the let-down period 
begins, it should be considered inherited and the bull disposed of 
so as not to promote the trait further in the cattle herd (Lager- 
lof, 1936). 

We must be conscious of a double condition : first, inherited 
juvenility and second, induced juvenility or sexual retardation. It 
is impossible to distinguish between them except by careful con- 
sideration of the entire history of the bull in question and per- 
haps a trial recovery period. 

Another condition resulting in the inability to copulate is de- 
viation of the penis. This condition is believed by some to result 
from sexual retardation. Bulls affected with deviation of the 
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penis are quite often satisfactory breeders during their first 
season. In the second season they are unable to breed because of 
a spiral or corkscrew deviation at the extremity of the penis. Oc- 
casionally this condition manifests itself by a sharp downward 
bend at the end of the penis. It has been postulated that this 
condition is caused by, first, a rapid growth of the body struc- 
tures but a retardation of penile growth. Secondly, when the bull 
later is put in to service the penis is stimulated to grow but the 
supportive structures of the penis, the muscles and ligaments, 
fail to grow since their growth has terminated. This results in the 
supportive structures being insufficient for the size of the penis, 
thus causing deviation (Walker, 1964). 

Libido 

Sex drive is fundamentally controlled by the amount of male 
hormone in the general circulation. Psychological factors also 
play an important role. If a bull is unable to copulate, he will give 
up trying after a period of time. Therefore, in some cases we can 
say that sex drive may be associated with ability to copulate. 
This is evidenced by the marker bull, used in some artificial 
insemination practices, whose penis has been tied in by surgery. 
Such bulls function well for a period of time but eventually stop 
breeding attempts when they are not able to make sexual contact 
(Roberts, 1959). 

It has been demonstrated that bulls weakened by stan’ation 
to the point where they can scarcely gel to their feet will make 
an attempt to breed. This does not mean such bulls arc fertile, 
however, since their ability to produce satisfactor>’ semen may 
be greatly impaired. Only bulls that have been kept on a .starva- 
tion diet since calfhood will show decreased sexual desire 
(Hentges, 1963), 

It has been demonstrated that bulls kept on a high level of 
nutrition for long periods since early calfhood, show a great 
decrease in sexual desire. At best, they make only feeble at- 
tempts to copulate. Work done at Florida clearly demonstrates 
this (Hentges. 1963). Nine out of ten bulls so fed and m.anaged 
were not capable of copulation, and all s.howtd a marke<l de- 
crease in sexual desire. It was the writer's privilege to exa.m.ice 
three of these bulls, and the underdevelop.m.ent of the p^r.li and 
other sex organs was identical to similar cases so ccrr.zrj^r.ly ct- 
serve<l in practice. 
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To fully understand this condition it will be necessary to re- 
view some of the basic physiological factors involved. 

The testicle has two functions. First, it produces sperm cells, 
and secondly, it produces testosterone, the male hormone which 
is responsible for sex drive and the development of the genital 
organs. The sperm cells are produced from the seminiferous 
tubules. The activity of these tubules is controlled by a hormone 
known as follicle stimulating hormone (FSH). The cells be- 
tween the seminiferous tubules, or interstitial cells, produce testo- 
sterone. The activity of these cells is controlled by a hormone 
known as Interstitial Cell Stimulating Hormone or ICSH. (Nal- 
bandov, 1964). The problems being discussed in this paper are 
brought about by an insufficiency or imbalance of one or the other 
of the two hormones. Physical condition and the nutritional level 
greatly affect these hormone levels (Nalbandov, 1964) . 

When the bull is on an insufficient diet or suffers from some 
condition that causes a severe loss of weight, the FSH hor- 
mone production is stopped or reduced in output, and the bull's 
semen quantity and quality is reduced due to degeneration of 
the seminiferous tubules. This could be compared to a cow de- 
creasing milk production under similar circumstances. An insuffi- 
cient diet, however, does not affect the sexual desire of the bull 
until it becomes extreme, or continues over a long period of time. 

The phenomenon of excessive and prolonged feeding affect- 
ing the ICSH hormone, testosterone output, or the effect of 
testosterone, is not clearly understood at the present time. From 
existing evidence we are sure it does exist. The results are: 
juvenility and lack of sexual desire. 

When bulls are put on a rapid weight gaining diet as calves, 
before sexual development begins, and maintained on this diet 
through the sexual development phase of their lives (to approxi- 
mately three years of age), the result is an infertile bull. In 
most cases, it is too late in the bull’s life to expect recovery by 
subsequently reducing the feed intake level (Arthur, 1964 and 
Walker, 1964) . 

Another factor that occurs in over-conditioned bulls is the de- 
position of fat in the scrotum. For normal sperm cell develop- 
ment it is necessary that the testicles be maintained at a temper- 
ature below normal body temperature. To accomplish this Nature 
has developed an elaborate radiator system with a built-in ther- 
mostat to control it. The testicle has a muscle attached that is re- 
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laxed on hot days to allow the testicle to hang away from the 
body, but it contracts on cold days. There is also a cooling device 
for the blood that flows into the testicle. This is accomplished by 
a network of veins that surround the artery, enters the testicle, 
and lowers the blood temperature before it enters the testicle. 
Heavy deposits of fat in the scrotum interfere with this process 
(Hill, 1956). 

If a bull’s scrotum is insulated by covering it with a sheep skin, 
the bull soon becomes infertile. If the sheep skin is removed 
after a few days the fertility will return in 30 to GO days. If the 
sheep skin is left on for an extended period of time the infertility 
becomes permanent. 

Semen Quality and Quanhiy 

Many factors will afTect semen quality, such as inheritance or 
disease conditions, but the common problem as rclatcfl to growth 
and management is testicular degeneration. It has been pointed 
out how fat in the scrotum will bring about degeneration of the 
seminiferous tubules and how starting calves on a high level of 
nutrition will result in an undeveloped testicle (technically, this 
is induced hypoplasia rather than degeneration). The commonly 
occurring problem, however, is one of an Insufilcient diet, result- 
ing in insuflicient FSH hormone to maintain .sperm cell devcl- 
opment. Thi.s is observed when the fitte<! bull is let ilown in con- 
dition. 
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ly recognized by most cattlemen. It is common practice to select 
the best potential bulls as young calves and place them on a high 
level of nutrition until show or sale time which is at about 18 
months of age. The buyer often places the young fat bulls in 
service immediately after purchase or simply turns them loose in 
a pasture to make their own way. The net loss from these two 
practices is quite high. 

The practice of fitting bulls prior to sale is well established. 
Obviously, some good features are derived from this system. It 
enables the buyer to see the fattening potential of the bull and, 
in many cases, the rate of gain is available. 

For a bull breeder to attempt to market his bulls without 
fitting them would be difficult so far as price received is concern- 
ed. The competition of fitted bulls would result in lower prices in 
most cases. 

The problem at the present time is being handled by a guaran- 
tee from the breeder to the bull buyer. Such guarantees usually 
permit a six to twelve month period to allow for development of 
underdeveloped or juvenile bulls. Also, this allows for correction 
of some of the problems encountered during the let-down period. 
The breeder generally is the loser, except in those cases where 
the infertile bull is not discovered within the time limit of the 
contract. The breeder is often placed in a position over which he 
has little control and, consequently, absorbs the loss of most 
infertile bulls regardless of the cause. 

There is no complete answer to this problem but a few sug- 
gestions are given as follows: 

1. Understanding and acceptance of the problems by all parties 
concerned. 

2. Controlled research to obtain information on the following 
questions: 

(a) age at which the bull calf may be put on high level of 
nutrition. 

(b) length of time bull may be maintained on high level of 
feeding. 

(c) periodic hormone assays during this period (FSH and 
ICSH). 

3. In the interim feeders and buyers should follow these broad 
suggestions: 

(a) Do not start young bulls on a high level of feed intake 
until they have reached at least the age of six months. 
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(b) Maintain young bulls on a high level of feed intake no 
longer than ten months. 

(e) Slowly reduce the ration of fat bulls until evidence of 
scrotal fat and subcutaneous fat has disappeared. 

(d) Do not use the bulls for heavy service until they are 24 
months of age. 
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Climatology and Breeding for Adaptation 


Animal ecology is the science which explains the interaction 
between the animal and its total environment. In livestock pro- 
duction it is most essential to have a clear concept of how each 
environmental factor influences the animal and how we can breed 
animals to be better adapted to any environment. The concept of 
livestock ecology is explained with the diagram of a wheel (See 
Figure 17). The axle of the wheel is man, the most important 
single environmental factor in the concept of interaction between 
heredity and environment. The animal is the hub of the wheel 
and is in close symbiosis with man as a result of the fact that 
man has domesticated these animals. Out of the 3,000 species 
of mammals, only 30 different types of animals have been domes- 
ticated. 

The total environment is presented by the running surface of 
the wheel, and each environmental factor which acts as a lever- 
age on the animal is described by a spoke. Each spoke of the 
wheel has a direct influence on the animal, and the most impor- 
tant spoke is nutrition. In an effort to evaluate the interaction 
between the animal and its total environment, the animal scien- 
tist must have a clear concept of what total environment em- 
braces, and it is necessary to indicate how the world is sub- 
divided into different climatic zones. 

The world is divided into four major climatic zones (Figure 
18). The first is KEEN, regions where the atmospheric temper- 
ature never reaches a monthly average temperature of above 
65°F., and where the relative humidity is usually lower than 
65 per cent. An area which is cold and dry is classified as keen. 
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Cold and dry conditions are very unfavorable to animal life and 
are antagonistic toward promoting plant life. Hence, in keen 
climates we have very little vegetation to nourish animals, and 
highly productive animals cannot be maintained. In the slightly 
milder regions of the keen climate, it is possible to keep animals 
such as reindeer which live on mosses and lichens. In the keen 
climate we usually find certain furbearing animals which can live 
on fish and other nutrients obtained from the ocean or from the 
sparse vegetation found in those areas. 

The next large climatic zone is SCORCHING. In the scorching 
zone, we have an average monthly temperature varying from 
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an area in which climatic stress on the animal is not great. All 
the improved breeds of livestock have been developed in those 
countries having a raw climate. It may be that the stimulating 
and invigorating climatic conditions of those areas might have 
had a very favorable influence on the efforts of the human in- 
habitants. 

The next climatic zone is MUGGY, regions of the world which 
have high atmospheric temperatures, 65°F. and higher, and a 
very high humidity of 65 per cent and higher. 

To understand the interaction between the animal and the en- 
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vironment better, it is necessary to see various natural environ- 
ments and to appreciate the climatic conditions which prevail 
there. Charles Darwin’s writings are a constant source of inspir- 
ation and incentive to the biologist; his ideas on natural selec- 
tion and op evolution are challenging. Ernst Haeckel is another 
scientist who stimulated my interest in ecology by showing how 
the ecological relationship between plants and animals plays a 
tremendous role in their economic success or otherwise. Haeckel 
is considered to be the father of the science of plant and animal 
ecology. 

A region with a typically keen climate is the Arctic Zone where 
there is very little animal life except for some fish in the fiords 
which are not iced over; polar bears might get enough food in 
those areas. In the high Alps of Switzerland above the timber 
line, the climate is also keen and no animals can be maintained 
at altitudes above this line. 

The Alpine pastures in Switzerland are in a high-altitude raw 
environment. High-altitude raw environments are also found in 
various parts of Europe, South America, North America and the 
European Continent where altitudes are above 4,500 feet, where 
the rainfall is usually approximately two inches per month, and 
where the average annual isotherm does not e.xceed 60“F. Such 
an area is very favorable to livestock production but its pasture 
growth is very slow although the pastures are ver>* succulent, 
low in crude fiber, and high in protein. In the high altitude p.as- 
toral regions of Switzerland with its raw climate, the grazing 
is often communal, the pastures are hanested for hay produc- 
tion, and the communal cattle owners live in their huts high up in 
the Alps to be near their animals when storms come up rapidly. 
The storms are real hazards to the cattle, and human endeavor 
is essential to prevent hea\y stock losses. 

Holland is a country with a low-altitude raw climate. Some of 
the pastoral areas of Holland arc actually below .'ea level. The 
average temperature is below 65"F.; it is cold during winter 
and has an average rainfall of at least two inches per m.onth w ith 
rainfall efficiency exceedingly high. Pasture values are high ai a 
result of slow growth, having low crude fiber content and a high 
protein content especially where fertilizers have been ap,nlie»i. 

A large proportion of the pasturage in Holland is on reclaim's! 
land which is below sea level and has to L'C drainvl. In the pa-ft 
this was done by windmills which are c-aw l-ing replace-! by 
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centrifugal pumps. The pastures in Holland are divided by shal- 
low ditches which the animals will not jump. 

Scotland is an example of a raw, low-altitude, windy climate 
which results in animals needing more feed for energy and hav- 
ing woolly coats to maintain a thermal equilibrium. 

Another type of environment which can be described is the 
high-altitude, semi-arid climate of parts of Southwest Africa, 
with altitudes of 6,000 feet and higher. These semi-arid high 
altitude pastures do not get very cold nor very hot. The limiting 
factor in these areas is the unreliable, fairly low, seasonal rain- 
fall and low vegetation density with the accompanying low car- 
rying capacity. 

Low-altitude, scorching climates are found in most of the semi- 
arid regions of the world such as Africa, Australia, and parts of 
South America. In the low-altitude, scorching climates, the alti- 
tude of the ranching areas is usually less than 2,000 feet above 
sea level. The average annual isotherm is above 70®F., rainfall is 
sparse, it usually varies from approximately 12 to 16 inches per 
annum and is often seasonable and unreliable. The Bushveldt 
and Middleveldt pastoral regions of the South African savannah 
country has an altitude of approximately 3,500 feet above sea 
level. The average annual temperature varies from approximate- 
ly 63®F. to 70*F. In these regions the pastures are usually 
of a natural curing hay type, depending on the soil pH whether 
the pastures are high in protein or not. 

In areas with a muggy climate, the problem is high humidity 
and temperature. As a result of the high humidity and high 
temperatures, the pastures grow and mature rapidly, are high 
in crude fiber, and are low in protein. Insect pests are a real 
hazard to the animals in muggy climatic zones. The animal has 
to overcome the hazard of maintaining its thermal equilibrium 
and the hazards associated with ecto-parasites such as ticks, 
mosquitoes, flies, etc. In areas with very high humidity and 
temperature, such as Fiji, it is almost impossible to successfully 
maintain the British breeds of livestock such as the Hereford, 
Shorthorn. Aberdeen Angus or the dairy breeds such as the 
Holstein or the Jersey unless appropriate shelter and nutritional 
conditions are provided. It is a real problem for the animal to 
maintain a normal body temperature in those areas. 

Areas of the Southern United States, for example parts of 
Louisiana. Florida, and Texas, have a mugg>’ climate. As a result 
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of the high temperature and humidity, the soil pH is very low, 
the minerals in the pastures are leached out, and in some of 
those areas the water table is near the surface. Such areas are 
quite deficient in both macro- and micro-elements. In a muggj’ 
climate the problem of heat dissipation is always more difficult 
than it is in a semi-arid climate. 

In an attempt to understand and appreciate the influence on the 
animal of the climatic regions of the world and their interaction, 
it is essential to study animals in their natural habitat. Animal 
behavior and physiological reactions must be carefully observed, 
described, and interpreted. Adaptability phenomena in animals 
of particular areas must be assessed in an endeavor to utilize 
them in the breeding programs of domestic animals which will 
have to overcome climatic hazards of corresponding environ- 
ments. 

The polar bear is well adapted to a keen climate. Its most 
obvious adaptation is the white coat, with an inner heat-retain- 
ing coat and outer protective hair forming a formidable insulat- 
ing coat; hence, radiation of energy from the body surface is 
reduced and the maintenance of the body temperature is no 
problem. The polar bear also has a layer of fat approximately one 
inch thick over its entire body which also acts as an insulating 
mechanism. The animal conforms to Bergman's and Allen's Law, 
namely that in a cold climate the animal is squarely built, has 
a small surface area per unit weight and has relatively short and 
thick extremities. In the case of the polar bear, its legs are e.x- 
ceedingly thick, li given a diet of fish, this animal will always 
select those which have the highest liver oil content to provide 
the most readily available abundant source of energy. 

The Americ.an bison is an animal adapted to the cold savannah 
areas of North America, where it must overcome wind, .snow, ami 
blizzards. All the vital organs of this animal are protected by a 
dense outer protective coat and a very furry inner heat retaining 
coat. The bison also has an adaptability phenomenon ns far as its 
reproductive organs are concerned. The te.stes are carried in a 
vers* smalt scrotum which withdraws right into the Loiiy casity 
during the severe cold weather and only during spri.ngtjrr.c '.'.hen 
w.nrmer w-e.nther anrears sv.'" the animal drop its te-;es in t.he 
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retaining coat. As a result of the greatly varying climatic con- 
ditions between summer and winter in the Siberian desert, this 
animal has a thick winter coat which sheds rapidly during spring 
and the animal becomes practically smooth coated during the 
summer months. 

The Rocky Mountain goat is another animal which has adapt- 
ability phenomena, especially for climbing steep ledges and 
mountains. Apart from that, it has a color which makes it adapt- 
able to the environment. 

The one-humped camel of the Asian deserts is an animal adapt- 
ed to the scorching climate of the desert. It has nostrils which 
can close when dust storms come up; its lips and tongue are very 
poorly supplied with nerve fibers; hence, these animals can con- 
sume fibrous and thorny desert plants such as cacti without in- 
jury to the mucous membranes of the lips, tongue, and mouth. 
The animal has false eyelids which can go over the eye when 
harassed by dust storms. The areas of the body which are in 
close contact with the hot desert sand have calloused pads. It is 
able to drink tremendous amounts of water and, by an adapt- 
ability mechanism in the digestive system, can maintain itself 
for several days without drinking water. The feet are especially 
adapted to enable it to travel over the desert. It has a well pro- 
tected outer and inner heat retaining coat during winter which 
sheds very, very rapidly during the summer 

Animals adapted to the hot, subtropical climates of the Afri- 
can Continent have the adaptability phenomena which conform 
with Bergman's and Allen’s Law, namely that the tropically 
adapted animal has a large surface area per unit weight and the 
extremities of the animal*, that is the limbs, tail and ears, are 
usually long, hence increasing the radiating surfaces of the body. 

Animals which are well adapted to the subtropical environ- 
ment of the semi-arid regions are the kudu and the impala. Both 
these types of antelope have long limbs, flat bodies, and a large 
surface area per unit weight. 

The zebra is an animal which is really adapted to savannah 
country as a result of mimicry, namely dark and light areas on 
the body, hence, they are most difficult to see in forested areas; 
it is therefore more difficult for predators to see and get these 
animals. 

In mugg>' areas, we find that very few breeds of livestock can 
be maintained. In a muggy climate such as that of Trinidad, it is 
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diflicult to maintain any of the improved breeds of domestic cat- 
tle, and it will be necessary for mankind to do a vast amount of 
selection and breedinjr work on the water buffalo. The water 
buffalo is an animal which is well adapted to a muggy climate. 

Domestic animals exhibit certain adaptability phenomena, due 
partly to natural selection and partly to selective breeding. In the 
north of Scotland, the Scotch Highland breed of cattle is very 
well adapted to that environment. In the north of Scotland the 
climatic conditions are very drastic. The cold, windy, and moist 
winds from the North Sea often blow on the cattle. The Scotch 
Highland breed of cattle, as a result of being continuously ex- 
posed to cold, moist winds, has an outer protective coat of long 
medullated hair and an inner heat retaining coat. Since the soil 
pH or low calcium content of the natural pasturage here is very 
low, these animals are very small framed. They are quite hardy 
and can overcome the wind. Animals of this breed which were 
taken to Suffolk in England, an area of Britain which is re- 
nowned for its fertile soils and good pastures, become much 
larger than the animals in their natural habitat. A number of 
purebred Scotch Highland cattle were taken to Suffolk 200 years 
ago. Since, they have been selected and bred pure in that en- 
vironment and today the Scotch Highland cattle in Suffolk are 
much larger and heavier than those in Scotland. The difference in 
weight between bulls in the Highlands and in Suffolk is approxi- 
mately 400 pounds in favor of those in Suffolk. The difference be- 
tween the cows is approximately 200 or more pounds. 

The Galloway breed of cattle which also originated in Scot- 
land is another breed which is well adapted to a windy, cold 
climate. Animals which are exposed to really cold, windy climates 
usually have a long outer protective coat and an inner heat re- 
taining coat, and are square in body conformation. 

The black-faced Scotch Mountain sheep is a breed which is 
very well adapted to the tremendously hard climates found in 
the north of Scotland. What is most interesting about these sheep 
is that they have a very short breeding season. Those lambs 
which are born out of the regular six-week lambing season will 
usually succumb. The ewes come in heat for a very short period 
and are in anoestrus for the rest of the year. 

The Bos mdicus species of cattle such as the Africander of 
Southern Africa and the Brahmans of the Americas and Asia 
are well adapted to the subtropics and semi-arid regions. The 
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Africander is a breed which shows some very interesting adapt- 
ability phenomena; they are sleek coated, have a large surface 
area per unit weight, a fairly well-developed dewlap, and a sheath 
or navel fold. They have well-developed panniculus muscles 
and are usually thick hided. Downward skinfolds in the hide are 
indicative of a thick hide: hence, the animals have a high vas- 
cularity of hide, that is the blood flow to the hide is profuse 
so that the animals are well adapted to high temperatures and 
their hides are usually thick and fly repellent. 

The most important spoke in the wheel is nutrition. That nu- 
trition is the most important factor in the relationship between 
the animal and its total environment cannot be denied. Natural 
vegetation is dependent on rainfall, temperature, humidity, etc., 
and the types of animals maintained in any area are dependent 
in the first instance on the total nutritional level of that environ- 
ment. 

In 1953, an advertisement by General Mills Incorporated in- 
trigued me. They indicated that in 1910 their pig rations were 
made up in such a way that a pig required 500 pounds to gain a 
hundred pounds in weight and that the pigs reached the hundred 
pound mark in five months. By 1930, as a result of improving 
the rations by greater knowledge of nutrition, the pigs could gain 
a hundred pounds in weight on 364 pounds of feed and in 1953, 
the pigs could gain a hundred pounds on 300 pounds of feed, and 
they could top the two-hundred pound mark in five months. 
Hence, these people concluded that as a result of the great im- 
provement they made in balancing their rations by adding anti- 
biotics, minerals, vitamins, and balancing the amino acids in the 
proper proportions, they could produce rations that could make 
pigs gain a hundred pounds on 300 pounds of feed. This adver- 
tisement is a half-truth. During the period 1910 until 1953, live- 
stock breeders have changed the body conformation and the 
function of these animals too; hence, the improved rations were 
only partly responsible for the increased and more efficient 
weight gains on those rations. 

As a result of this advertisement, the author bought unim- 
proved native pigs in the Bantu territories of South Africa and 
brought them to the University of Pretoria. At Pretoria Univer- 
sity wo maintained a number of Bantu sows and a number of 
Swedish Landrace sows. Young pigs of the unimproved Bantu 
type and highly improved Swedish Landrace pigs were divided 
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wool of very low value. Black sheep which suffer a copper de- 
ficiency develop a white line in the black wool every time they 
are on a copper-deficient ration. Whenever copper is added to the 
ration, they produce black wool again. 

It is essential in evaluating the nutritional and mineral de- 
ficiencies of areas that the cattleman should know the indigenous 
trees of an environment. Those areas in which Tarconanthus 
Camphoratus, that is a shrub indigenous to South Africa, grows 
naturally are usually phosphorus deficient. In all phosphorus de- 
ficient areas cattle breeders suffer severe financial losses if they 
do not feed phosphate supplements. Phosphorus deficiency not 
only causes much lower fertility, but also much slower growth 
rate. Steers which receive 2 1/2 ounces of bone meal under 
phosphorus-deficient conditions will have carcasses weighing ap- 
proximately 750 pounds at the age of four years, while those 
steers which were control animals and did not receive the 2 1/2 
ounces of bone meal a day have carcasses weighing 350 pounds. 
Just adding bone meal to a phosphorus deficient ration makes all 
the difference. 

The rainfall and temperature of any particular region deter- 
mines the protein value and the crude fiber content of its pas- 
tures. In all those regions of Britain where the domestic breeds 
of livestock, such as the Hereford, Shorthorn, Sussex, and Aber- 
deen Angus have been evolved, we find that the average monthly 
rainfall is approximately 2 inches per month and that the atmos- 
pheric temperature varies from an average monthly tempera- 
ture of approximately 40®F. during the winter months to ap- 
proximately 60° to G5°F. during the hottest month of summer. 
In those areas with a temperate climate and a steady rainfall, 
wo find that pasture growth is slow, that crude fiber is low, and 
that crude protein is high ; those are the areas where we find 
really succulent pastures. 

New Zealand is a countrj' with an average monthly rainfall of 
approximately 2 1/2 to 3 inches per month and where the aver- 
age monthly temperature very seldom exceeds 65°F. In that 
countrj' we have some of the lushest, mainly artificial pastures 
in the world with a ver>’ high carrying capacity. 

In most semi-arid countries the rainfall is seasonal. There arc 
dr>’ seasons with little or no rain and then .short seasons with 
verj* heavy downpours during the rainy season. In a country* 
like South Africa, the average annual rainfall in some of the 
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semi-arid regions is approximately 16 inches, of which approxi- 
mately half falls from the beginning of December to the latter 
part of February. The average monthly temperature varies from 
approximately 60°P. to 80°F., with an average annual iso- 
therm of 65° to 70°F. In those areas pastures grow verj' 
rapidly, hence are high in lignin content; that is, the crude fiber 
content is high and the protein value is low. In semi-arid regions 
livestock often suffer from nutritional deficiencies, especially en- 
ergy and protein, for a fairb’- long period during the year. 

Temperature is a most important factor which determines 
which type of animal can be maintained in a particular region. 
In areas where the atmospheric temperature is high and where 
the average annual isotherm, that is the average temperature 
for the whole year, is high, unadapted cattle will degenerate. 
Very few of the British breeds of livestock can thrive in areas 
where the average annual isotherm is above 65°F. If the aver- 
age annual isotherm exceeds 70°F., the British breeds of live- 
stock will suffer from tropical degeneration. Tropical degener- 
ation is not only characterized by stunted growth, but also causes 
a ver>' marked reduction in fertility. Animals which are not 
tropically adapted, that is animals which cannot withstand high 
temperatures, become hyperthermic anri often .show a ri-^f* in 
body temperature to as high as 104'=F. and sometimes even as 
high ns 10G°F. on a hot day. Young anim.Ms from the age of 
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she produced a smooth coated calf. At the age of seven years, 
the woolly coated steer weighed 870 pounds and the sleek coated 
one weighed 1360 pounds. Hybrid vigor had no value whatsoever 
in the animal that was not adapted. 

Several of the woolly coated Africander bull's purebred female 
progeny were mated to sleek coated Shorthorn bulls. The Afri- 
cander cows which were the progeny of the woolly coated Afri- 
cander bull by sleek coated Africander cows produced some 
smooth and some woolly coated calves. When the Africander 
cows which were heterozygous with regard to coat cover were 
bred to smooth coated Shorthorn bulls, they produced smooth- 
and woolly-coated calves. The calves that were bom sleek coated 
could overcome the hazards of the subtropics; they did not show a 
rise in body temperature or hyperthermy, not even when they 
were very young. Those that were born woolly coated could not 
overcome the hazards of high temperatures and at the age of 8 
years the steers that were bom sleek coated weighed on an 
average of 1,680 pounds, while those that were born woolly coat- 
ed weighed only 800 pounds. 

That hair coat and hair cover play a tremendous role in the 
adaptability phenomena of cattle in the tropics and subtropics 
cannot be doubted. The animal with a sleek, thick hide with high 
vascularity will bleed profusely if the hide is punctured but in- 
juries will heal rapidly; such animals are well adapted to high 
atmospheric temperatures. Wounds inflicted in the animal with a 
thick, movable, vascular hide heal within a week to ten days, 
while the wounds inflicted in the animal with a woolly, thin coat 
with low vascularity often take three weeks and longer to heal. 

Another interesting phenomenon which was obser\*ed in these 
animals of low heat tolerance is that miniature calves could be 
produced when these low heat-tolerant cows were mated in early 
spring and were pregnant throughout summer. Calves as small 
as 19 to 40 pounds were produced out of these low heat-tolerant 
cows which were pregnant during the summer months. An inter- 
esting phenomenon in this respect is that in everj* instance the 
bull calf weighed lighter than the heifer calf. This is the result 
of the fact that the male fetus has a higher metabolic rate than 
the female fetus and hence, the cow which suffers as a result of 
hyperthermy suffers appreciably more when pregnant with a 
male calf. Hence, the difference in weight between the male and 
female calf. (In normal calves, the male calf is always heavier 
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1 the female calf.) These calves are often so small that they 
scarcely reach the udder of the cow. That the Phenomenon of 
dature calves is caused by the lack of ^ ° 

her cannot be doubted. Africander cows mated to Heieford 
Is produced normal calves, that is. cows which were heat tol- 
nt when mated to Hereford bulls produced heavy calves at 
th while the reciprocal cross, namely Hereford cows ‘'vith a 
! heat tolerance coefficient, when mated to Africander bulls 
)duced miniature calves. The difference in weight between the 

0 reciprocal crosses was approximately 40 pounds as corn- 
red to 75 pounds. Some of these calves were so small that 
ey were the size of an ordinary Doberman pinscher dog. 

In Australia the phenomenon of very small miniature lambs 
areas such as Queensland was encountered and the cause was 
it known. In 1949, when these results on the cattle were dis- 
issed in Australia, it was mentioned that the miniature lambs 
ight be caused by ewes being pregnant during mid-sumnier, 
lat some ewes were more heat tolerant than others, and that 
lose ewes which lack heat tolerance would produce the small 
imbs. Hence, Dr. George Moule and Neal Yeates mated a 
er of ewes and placed half the number of pregnant ewes in cold 
Doms and the other half in hot rooms. Those that were placed 

1 an environment of 85®F. produced lambs weighing 4 pounds, 
'hose which were placed in an environment with an average 
emperature of 65®F. produced iambs which weighed an avcr- 
igc of 8 pounds. 

Light is a most important environmental factor greatly m- 
luencing the metabolism and behavior of animals. Light is the 
nost constant of the natural phenomena in nature. Temperature 
)n a specific date in different years might vary markedly, but 
ihe hours of light on the .same date of one year as compared to 
that of another year differ very little. As a matter of fact, the 
daylight length on one date of one year is the same as that of 
another year. Hence, light has a very marked influence on the 
metabolic procc.ss in the animal. It influences sexual activity, hair 
shedding, and metabolism. Animals which are light colored or 
while become light or photo.sensitive when they eat certain typw 
of plants. If a cow cats goat's thorn (Tnbulis tcrcstcs), the 
whole white area of such an nnimal’s body will slough off and 
become one fc.stering sore. 

In the case of other animal.s such ns horses and mules, if they 
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ilants which make them photosensitive such as goat’s thorn, 
will develop all sorts of photosensitivity symptoms. In the 
of a white mule which consumed Tribulis terestes, its whole 
looked as if it were corrugated. The unpigmented areas 
swollen while the pigmented areas were normal. Animals 
h consume plants like lantana which cause severe photo- 
tivity suffer most severely. If a cow or horse eats lantana, 
comes photosensitive and, if exposed to light, will certainly 
4 Friesland cow which consumed lantana exhibited the se- 
it photosensitivity symptoms; all the white areas of her 
were badly inflamed; it became one large sore with com- 
loss of the white hair. The animat was placed in a dark 
e and it soon recovered. Mucous membranes also become 
ely inflamed. Horses which consume plants which make 
photosensitive, probably lantana, develop vast sores on 
bodies. This is known by the term of sandburn in Texas, 
arly as 1909, the veterinarians in the United States have 
to solve this problem and as yet, they haven’t the answer 
. It would be advisable in every instance to put animals 
h suffer so severely from sandburn in a dark stable, 
diation is another environmental factor which has a very 
ed influence on the animal. Animals which have no pigment 
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operation, but this is not very successful. The incidence of can- 
cer in the eyes of animals which have pigmented eyelids is neg- 
ligible. By selective breeding (breeding Herefords with pigment 
around the eyes) the amount of pigmentation in the offspring 
can be increased and such eyes will never suffer from eye cancer. 

A survey made on Hereford cattle in South Africa showed that 
in the young animals, the proportion of animals with pigment 
around the eye is relatively low. In the older age group, that is 
in the group of six years and older, it was found that the propor- 
tion of animals with pigment around the eyes was much greater. 
In other words, the mortality rate of the animals without pig- 
ment around the eye is appreciably higher up to the age of six 
years than it is in those that have pigment around the eyes. 

In an experiment at Oak Ridge, Tennessee, irradiated pigs 
lose their hair and have sores on the side which is irradiated. 

Animals can overcome the hazards of ultraviolet radiation if 
they have pigmented hides. A white color in the animal is a real 
hazard especially if the hide has no pigment in it. Animals 
which are tropically adapted like some of the Brahman breeds 
or white Africander or white 'N Guni cattle will have pigment 
in the hide. If the hair is shaved off, the hide will appear to be 
brown or even black. These animals with dark hides can overcome 
the hazards of ultraviolet radiation, and they usually have a pro- 
fuse secretion of zebum in the hide which is spread over the 
hair. The zebum acts as an ultraviolet filter. Animals without 
pigment suffer severely, and all breeds of livestock which lack 
pigment in the hide suffer from a condition which is known as 
"white heifer" disease, in other words they are sterile. 

^ In a group of ’N Guni cattle, those which have pigment in the 
hide when branded show a dark number, while those which are 
devoid of pigment in the hide show a white number. The white 
heifers suffer severely from ultraviolet impingement and are 
usually sterile. 

The influence of coat color and cover on the adaptability of 
animals is not well understood. It is very essential that more 
work be done on determining how color influences the adapt- 
ability of the animal to higher incidence of infrared radiation, 
ultraviolet radiation, and total solar radiation. It is essential to 
determine how these various colors react under the different 
nutritional conditions. At the Messina Research Station in the 
Northern Transvaal of South Africa, I bred cattle which were 
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black, red, ash grey or agouti, golden yellow, and white. It is my 
intention to put these animals under artificial ultraviolet radia- 
tion and infrared radiation, test them out in the photo period 
room and under natural conditions, and determine how they react. 

High altitude is a real problem to most animals. In high alti- 
tudes cattle must have a higher hemoglobin index than at low 
altitudes. In the early work done by Duerst, a Swiss animal sci- 
entist, he proved that the high altitude cattle of Switzerland, 
the Brown Swiss and the Simmental, had a higher hemoglobin 
index than any of the other breeds of cattle in Europe. We must 
evaluate the adaptability phenomena of animals adapted to high 
altitudes to really understand the adaptability phenomena re- 
quired by cattle at those altitudes. The llama which is an animal 
beautifully adapted to the high altitudes of the Andes Mountains 
has a red blood count which is more than twice that of the human 
being. The llama on an average has 14,000,000 red blood cells per 
cc; man has approximately 5,000,000. The affinity of llama blood 
to oxygen is also twice as high as that of the human being; 
hence, the llama is four times as efficient in utilizing the oxygen 
in the rarefied air at high altitudes than man. At high altitudes, 
we find various breeds of cattle which show certain adaptability 
phenomena. In Switzerland we find the Siementhaler and the 
Brown Swiss and, from a color point of view, the Brown Swiss 
with its dark pigmented hide is appreciably better adapted to 
the high altitudes than the Siementhaler. The Siementhaler’s 
white areas become hyperkeratinized and those animals often 
suffer. In high altitude, .semi-arid rogion.s like that found in 
Southwest Africa, the white areas of the Siementhaler are a real 
hazard. 
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ment. The subtropics also has a high ultraviolet radiation im- 
pingement. It has low oxygen tension as a result of high temper- 
atures; and the only problem which the Brown Swiss animal has 
to overcome in the tropics is to radiate energy, and that can be 
brought about by selecting Brown Swiss cattle which are sleek 
coated. 

Another environmental factor which requires certain adapt- 
ability phenomena in the animal is wind. In the northern parts 
of Scotland and in the eastern seaboard of New Zealand, wind 
continuously blows, and the winds are not only cold, but also 
moist; hence, all the animals which are adapted to a moist, windy 
environment have a long outer protective coat and an inner heat 
retaining coat. But the most beautiful adaptability phenomenon 
in these animals which are adapted to cold, moist winds is that 
their hair is of two types, the inner heat retaining coat and outer 
protective coat, and these coats are electrically oppositely charg- 
ed. The inner heat retaining coat is positively charged and the 
outer protective coat is negatively charged. If wind blows over 
these animals, the charge becomes stronger and the hair packs 
closer and the animal becomes not only waterproof, but also 
cold-proof, and the insulating coat is really functioning efficiently. 
Any breeder can grow hair on cattle if he blows atomized mois- 
ture over them. That is why so many Hereford breeders, when 
they want curly hair on their cattle, blow moisture over these 
cattle with a strong fan. 

Pigs which are constantly exposed to severe cold and wind 
develop long, woolly hair. In the mast forests of Yugoslavia, 
Mangalizza pigs exist on nuts of various types and are at all 
times exposed to the climate; these pigs are woolly coated, al- 
most as woolly as a sheep. In 1770, Captain Cook on his explora- 
tory travels in the region of the Antarctic dropped a number of 
pigs, of the type maintained in England at that time, on the 
Campbell and Cook Islands which are in the Arctic Zone south 
of New Zealand. In 1948, a few research workers of the Ruakura 
Research Station in New Zealand who were stationed on the 
islands to do radar work during World War II, encountered pigs 
and they found that those pigs which were on the Campbell and 
Cook Islands were long haired and had two types of hair, an 
inner heat retaining coat and an outer protective coat. Only those 
pigs which had the genetic potential to develop an outer protec- 
tive coat and an inner heat retaining coat could survive. After 
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almost 200 years, there were large numbers of these pigs which 
were well adapted to the Arctic regions. 

An environmental factor which has received very little at- 
tention in the literature on ecology is soil pH. Not even in a really 
comprehensive article by Wright in “Hammond's Physiology of 
Domestic Animals” is soil pH discussed. In any area where the 
soil pH is high, nitrification of the bacteria in the roots of le- 
guminous plants can take place, and if nitrogen can become 
available to pastures, the pastures are higher in protein value. 
Leguminous trees such as some of the Acacia species are indic- 
ative of a high soil pH. A soil pH of approximately 6.5 will 
produce pastures relatively high in protein ; the calcium in such 
pastures is usually readily available to the cattle and hence, they 
have good skeletal development. 

In areas where the plant growth is of a type indicative of low 
soil pH, as in the case of Comhrctum apiculatum, animals main- 
tained there have a poorer skeletal development than in regions 
where the soil pH is high. At the Mara Research Station, the 
one pasture with a high pH, that Is the pasture in which the 
predominant tree is Acacia tortulis, we could grow big cattle; 
while in a pasture not three miles away we had combrctuni 
apicitlatum grazing with a soil pH which is low, and the animats 
kept in those pastures were appreciably smaller. 

Steers indicative of the average of the two groups of animals 
kept in the Acacia pastures and the Combretum pastures differ- 
ed 300 pounds in weight at three and one-half years. The .steers 
in the Acacia pastures averaged 1.250 pounds when those in the 
Combretum pastures weighed only 950 pounds. Soil pH is a 
factor which should be taken into serious con.sideratjon in the 
ecological livestock work in Texas. For e.xample, .so many farm- 
ers or cattlemen do not fully appreciate why cattle from Last 
To.xas crow out so much bigger in \\cst Te.xas. Most pastures ir 
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pastures of the coastal regions and to the higher rainfall, lower 
pH areas of Swaziland. The mature cows of this breed on an 
average weigh approximately 750 pounds. Africander cows which 
were maintained on pastures with a soil pH of approximately 
6.2, on an average weighed SOO pounds more than Africander 
cows which were maintained on pastures with a soil pH of 5.4. 
The problem of varying soil pH values had a marked influence 
on the skeletal development of cattle in Holland and it was known 
as long as a hundred years ago. It was known in Holland for a 
very long time that cattle which were maintained and kept in 
areas where forests and sandy soil with low pH was encountered 
had small body conformation and were light boned. Those ani- 
mals which were kept in areas where the soil was what they 
called “heavy,” that is soil with a high pH, were large framed 
and heavy cattle. 

Animals which are adapted to low soil pH and high humidity 
are most often shade lovers. The 'N Guni cattle in Swaziland 
for instance, where the humidity is high and the soil pH is low, 
are real shade-lovers because it is a hazard to the animal to 
radiate energy in a humid climate if they are not in the shade. 
Hence, those animals are really forest dwellers. Coastal animals 
are usually light colored. Animals in coastal and humid areas 
very often are very light colored, ash grey or almost white and 
must have pigmented hides. 

A hazard to many animals in their natural environment are 
insects, ticks, mosquitoes and flies. Tick borne diseases are a 
real hazard to most areas on the African Continent, and in re- 
search work done by Baque in Cuba many years ago it was stated 
that ticks remove as much as 96 kilograms of blood from one 
animal per annum. We can overcome these hazards of ticks by 
both proper management and by breeding. Animals can be bred to 
repel ticks. Those animals which have thick and movable hides, 
well developed panniculus muscles and which have a sensitive 
pilimotor nervous system will move their hides very rapidly upon 
the slightest irritation and hence, will repel ticks more effici- 
ently than those animals which have woolly hair and thin hides. 
The animal that can repel ticks has well developed panniculus 
muscles, while those that cannot have poor panniculus muscle 
development. The hide of the animal in those regions where 
tick borne diseases are a hazard is one of the most efRcient 
immunizing organs one can think of. Those animals which have 
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thick hides become immune much more readily and succumb 
much less to tick borne diseases than those with thin hides and 
woolly hair. 

The conquering of the serewworm hazard in Texas and other 
Southern States of America will completely change our approach 
to livestock production. As a result of the eradication of the 
serewworm fly, the problem of serewvvorms has almost become 
a thing of the past. This has made possible the increase in the 
deer population in many of our natural grazing areas in Te.xas 
and other Southern States and has caused us to realize that 
the carrying capacity of these pastures as far as livestock is 
concerned has changed. Apart from this, because of serewworm 
eradication, we can now probably produce calves in other sea- 
sons of the year than we did in the past. It is my considered 
opinion that as a result of conquering this plague, the livestock 
industry will have to do new research work on cattle and pasture 
management, breeding seasons of cattle, and on the concept of 
carrying capacity. 

Animals vary in their ability to overcome the nui.sance of 
flies and other insects. If we go in a pasture we find that certain 
cows or horses are full of flics and other biting insects, while 
others are free from them. It is possible to breed cattle which 
will repel ticks, flies, and mosquitos. The animal with a straight 
hair, with a sensitive pilimotor nenous system and well develop- 
ed panniculus muscle.s, and which gives off zebum, wdl repel 
more insects than the animal which has a dull, drv' coat and 
which does not have a sensitive pilimotor nervous control. The 
animal which becomes stars- coatecl when rain looks imminent 
is an anim.al which repels ticks .and flies; the erector pili mus. 
cles make the hair stand up and this in all probability stirn'ilates 
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tures is largely one of internal parasites. Animals susceptible to 
external parasites are also more susceptible to internal para- 
sites. The animal which is less adapted and hence has a lower 
nutritional status in a particular environment usually has a high 
incidence of external parasites and is often infested with internal 
parasites of one kind or another. 

Disease is a factor which plays a tremendous role in the pro- 
duction of livestock, and lack of adaptability causes animals to 
be more susceptible to various diseases. In the case of a disease 
such as ricketsiosis (heartwater) which is a tick borne disease, 
certain breeds of cattle are much more susceptible than others, 
and those animals which are low heat tolerant usually more 
readily succumb to this disease than well adapted heat tolerant 
cattle. Sheep which suffer from this disease, if they survive, lose 
their whole fleece. 

In some parts of the world, nutritional conditions cause cer- 
tain endemic diseases or disease conditions; for instance, sub- 
terranean clover in Australia causes bearing down disease in 
sheep, which is nothing else but prolapse of the uterus. The sub- 
terranean clover is so high in estrogenic hormone that these 
sheep suffer from prolapse of the uterus. Any type of disease 
which causes the animal to have a high temperature for a few 
days results in permanent damage to the pituitary and shedding 
of the hair which will never grow out normally. These animals 
are always subfertile. 

The most sensitive index of adaptability in all animals is tHeir 
ability to reproduce regularly. Endocrine balance is the most sen- 
sitive barometer of the animal's ability to be adapted to a 
particular climate. The scrotum of animals is a most efficient 
thermo-regulatory mechanism, and in some breeds of goats the 
testicles are carried in two separate scrotums so that thermo- 
regulation is more efficient. The testes are in a scrotum with an 
appreciably larger surface area than it would have been if the 
testicles were in one .scrotum. The scrotum of adaptable cattle 
has a much thicker hide than those of cattle which are not 
adapted to the subtropics. And those breeds which are adapted 
to the tropics have scrotums which can pucker on cold days; fur- 
thermore, the .spermatic vein in the subtropically and tropically 
adapted breeds of live.stock is much more tortuous than in those 
of cattle from the temperate zones. When injected with radio 
opaque substance such as ChJor-bismuth, the volume of radio 



170 FACTORS AFFECTING CALF CROP 

and the homestead in Holland are more often than not under 
one roof. The animals in wintertime are the air-conditioning 
mechanism of the Dutch homestead; the heat given off by the 
stabled animals keeps the house warm in winter. The stable and 
the living room are separated by only one single door. Above 
the animals in the stable is the barn which contains the hay. 
As in Switzerland every cow*s tail is tied to the roof to prevent 
it from getting dirty. As a result of the close relationship be- 
tween man and his cattle, the animals are under continuous 
supervision by the owner, and many of these cattlemen told me 
that their cattle have a soothing and calming effect upon them. 
The tranquility of the cows chewing their cuds in a comfortably 
warm stable has a favorable psychological effect on the hus- 
bandmen; if for any reason they are worried the first thing they 
will do is to go into the stable where these tranquil cattle are. 

During the winter the Friesland cattle are kept under an ar- 
tificial climate created by themselves as a result of radiating 
energy in the stables. When these animals are out on the pas- 
tures in Holland, the stables are taken to the cows, not the 
cows to the stable, to be milked. They have portable milking 
machines and the cattle are milked on the pastures. 

In France where they have the Charolais cattle, the main ob- 
ject of these animals is to produce beef with very little fat on it; 
hence they have produced very large cattle and such cattle can 
only be produced on pastures which have a high nutritional 
value. The pastures in the regions of France, namely Nievre and 
Vichy, where the largest herds of Charolais cattle are found, are 
very lush and have many herds in them. The animals during sum- 
mertime show a dark discoloring around the pinbones as a result 
of the scouring on the lush pastures. The Charolais cattle are 
very lethargic and these cows and calves will not move even if 
one goes up to them. They are also animals which have very little 
resistance against tropical and subtropical diseases when taken 
out of their natural habitat. The white color of those animals in 
some instances is a real hazard. 

In a country like New Zealand where no concentrate feeding 
takes place and all the production of milk is off green pastures, 
selection has taken place to select those Jersey cattle which have 
tremendous stomach capacity to enable them to produce enough 
milk. Only those animals which can consume enough green pas- 
ture to produce enough energy and nutriments on a completely 
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dry matter basis are continually kept and maintained in the 
herds. Ninety per cent of the dairy cattle in New Zealand are 
Jerseys, and one is struck by the tremendous stomach capac- 
ity of these cattle. As a result of the lush pastures and as a re- 
sult of the fact that practically no concentrates are fed to cows 
in New Zealand, most cows calve down in early spring, the inci- 
dence of twinning in Jersey cows in New Zealand is appreciably 
higher than in other parts of the world. At the Ruakura Re- 
search Station in New Zealand they had at one time no fewer 
than 222 pairs of identical twins in experimental work. 

The standard of livestock production in a country depends 
largely on the cultural and religious background of the people. 
In those backward countries of Africa, India, and other parts of 
the world where the people are ignorant, superstitious, and pre- 
judiced, the type of cattle are verj’ poor. In Ovamboland, the 
cattle are kept overnight in corrals and the cows are milked by 
women in wooden pails. The wooden pail is cut out of wood and i.s 
never washed. 

Animals in a natural habitat will exhibit certain adaptability 
phenomena. In thickly forested areas, we want black cattle be- 
cause black cattle function better in an environment where the 
light is dull, the incidence of infrared radiation is low, and the 
ultraviolet radiation is fairly high. In areas of den^e forest like 
parts of Mozambique, Swaziland or Angola, we find prwlominant- 
ly black cattle. Beyond the forested areas, in the open savannah 
countrj', the color of the animals changes to a grey, light fawn, 
or yellowislj white. In densely foreste<l areas, the breeding of 
black cattle is advocated. 
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small sample of hair from the animal's coat with a pair of small 
scissors, spit on it, rub it intensely and if the small sample of 
hair felts into a tight mass, the animal will never become sleek 
coated in a subtropical environment. A sample of hair of those 
animals which have smooth, straight hair which is medullated 
will not felt when moistened and rubbed. The hair of the woolly 
coated animal is of two types, namely, an inner heat retaining 
coat, the hair of which is not medullated, and an outer protective 
coat which has medullated hair; there are primary and secondary 
hair follicles in the hide. The smooth coated animal has medul- 
lated hair only, a hair comes out of each primary hair follicle and 
in most instances, there is a sebaceous gland attached to each 
hair follicle, hence the secretion of zebum in the smooth coated 
animal is appreciably higher than that in the woolly coated 
animal. 

The complete coat cover of animals of the British breeds has 
been closely clipped and put through a felting machine. The hair 
of the woolly coated animals felted into a tight mass which re- 
quired a pull of 26 pounds to pull it apart. In the case of the 
sleek coated animals, a pull of 4 pounds will separate any sample 
of semi-felted hair. Animals which have hair that does not pos- 
sess felting properties are those that are tropically adapted. 

The variation in the hair coat of calves within the British 
breeds, namely Hereford, Shorthorn, Sussex and Angus, is such 
that selection within the breed can be made to produce a more 
heat tolerant animal. There are more desirable variants in the 
Sussex and Hereford than in the Shorthorn breed of cattle. In the 
Herefords, further selection should take place to get pigmenta- 
tion around the eyes. Although we can without great difficulty 
produce British breeds which are heat tolerant, it is very often 
much more difficult to get them immune to endemic diseases of 
the subtropics. In our research work it was possible to change 
the mortality rate of the British breeds from approximately 30 
per cent to 10 per cent by breeding them to be tropically adapt- 
ed. One reason why animals which are crossbreeds between Bos 
hidiciis bulls and Hereford cows are not as good as the animals 
which are produced by the Hereford bulls and the Bos indicus 
cows is that the Bos indicus cows possess much greater natural 
immunity against the endemic diseases of the subtropics and 
tropics. The calves suckling Bos indicus mothers in all proba- 
bility obtain a greater spectrum of immune bodies through the 
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colostrum of the highly immune cow. In work where we switched 
calves from the Hereford mothers to the Bos indicus mothers 
and vice versa, the mortality rate of those calves which suckled 
the Bos indicus cows was lower than that of those that suckled 
the Hereford cows. This is a field of research work which should 
be carried out on a large scale in the Southern States of America. 

Out of a tropical degenerate Hereford herd, it was possible to 
breed by strict selection for adaptability to the subtropics a herd 
of very well adapted Herefords. Selection was based on sleek 
coatedness, thick hidedness and pigmentation around the eyes. At 
the Mara Research Station in Northern Transvaal, a Hereford 
herd which was bred for tropical adaptation was established and 
in a period of approximately 15 years, it was possible to breed 
a completely adapted Hereford herd that had all the adaptability 
phenomena required for tropical adaptation. The only factor 
which could not be overcome was the susceptibility of these ani- 
mals to tick borne diseases although the incidence was reduced. 
The Hereford bulls selected in this program were all thick hided, 
had pigment around the eyes, and the coloration of the hair on 
the neck, upper flank, lower rib regions and lower thighs was 
appreciably darker than the other hair. 

In a survey made on the Hereford cattle in three ecological 
regions of South Africa, it was found that the Hereford cattle 
which had sleek hair in the subtropics were 200 pounds heavier 
at maturity than those that were woolly coated. In the region of 
the Mara Research Station the average mature weight of woolly 
coated Hereford cows was 990 pounds; medium coatetl animals 
weighed 1,090 pounds; while those that were sleek coated weigh- 
ed 1,187 pounds. In a temperate region the difference was 1,030 
pounds for woolly coated cattle, 1,044 for medium coated cattle, 
and 1,071 for sleek coated ones, a dilTerence of only 41 pounds 
between the sleek coated and woolly coated cattle in the temper- 
ate region. It became verj’ clear from this survey that adapta- 
bility phenomena such as a smooth hair coat is of much greater 
importance in a subtropical region than it is in a temperate 
region. 

All animals can overcome cold if they are well fed. The major 
livestock problem in all tropica! and subtropical regio.-'.s -.vhere 
the average annual isotherm is above €3 degrees is tropica! d-r- 
generation. And when the adaptability %%or*: at the Jfara &r.'i 
Messina Research Stations was started i.n 1937, tho?e areas had 
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thousands of cattle of the British breeds, Shorthorn, Hereford, 
Angus and Sussex which were typical tropical degenerates. But 
after having done careful research work on the factors which 
bring about adaptability in the subtropics, it was possible by 
selection and breeding and crossbreeding work to replace these 
animals by adaptable types. At Mara Research Station by cross- 
breeding and inbreeding, a new breed of cattle has been evolved, 
namely, the “Bonsmara.” The Bonsmara was bred on fairly simi- 
lar lines as those adopted in the breeding of the Santa Gertrudis 
breed in America, however, we adopted a few different methods 
in our selection program. Very little was left to empirical stan- 
dards ; animals were tested for climatic adaptation by taking their 
body temperatures, respiration rates and pulse rates. And as a 
result of the data obtained in this research work, it was decided 
to breed cattle which are 5/8 Africander and 3/16 Hereford, and 
3/16 Shorthorn. After obtaining 5/8 Africander-3/8 Hereford 
cattle, and 5/8 Africander-3/16 Shorthorn cattle, these two 
types were interbred to get the 5/8 Africander, 3/16 Hereford 
and S/16 Shorthorn. It was found that if animals had more than 
half the blood of the British breeds, that they could not with- 
stand the subtropical conditions. Herefords were brought into 
the picture because they are better grazers than the Shorthorn, 
are more heat tolerant, and have a more even fat distribution 
than the Shorthorn. The Shorthorns were brought in because 
they are faster maturing than the Hereford, they have better 
milk production, and they are a uniform red color. By crossing 
the 5/8 Africander-3/8 Shorthorn with the 5/8 Africander- 
3/8 Hereford it was possible to develop a completely red animal 
without any white on it. I am absolutely opposed to white on any 
animal in the tropics and subtropics. 

Some of these Bonsmara cows were selected for longevity, 
fertility and functional efficiency, and in some instances we have 
cows that are seventeen years old now that have had 15 calves. 
The heavier ones weighed over 600 pounds at 8 months and the 
lightest weighed 450 at 8 months. Any animal which shows 
hereditary weakness or a loctts minoris resistentia, that is a 
point of lower resistance, is culled. The bulls used in the selec- 
tion and breeding work at the Mara Research Station to estab- 
lish the Bonsmara breed have to be functionally efficient. They 
must be able to serve fifty or more cows in a two and a half 
months' breeding season. They arc sexually active and highly 
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fertile. 

In the subtropical, semi-arid regions of the Transvaal Bush- 
veldt, those animals which degenerated will be replaced by Af- 
ricander types and Bonsmara types which are tropically adapted. 
The livestock production policy in South Africa is based on the 
regionalization of breeds and types, that is, the climate is care- 
fully mapped and the breeds of livestock which should be used 
or bred in a particular area are determined by the climatic condi- 
tions of a particular environment and the corresponding environ- 
ment in which the breed had its origin. 

It is absolutely certain that in our breeding programs we have 
to consider the altitude, the soil pH, the temperature, radiation, 
light, humidity and the interaction of all those factors on the 
natural vegetation and how the cattle will react to the total 
environment. Only those animals which can survive and breed 
regularly in those areas in which they are placed will be of 
economic importance. 



J. C. BONSMA 



Genes and Phenotype Interaction 


The complete genetic complex of the animal is laid down at the 
moment of conception. What the future animal will be like is 
predetermined. The morphology as determined by the complete 
interaction between the heredity and environment is laid down 
at fertilization. How the external effector organs, the skeleton, 
size and muscling, fat deposits, hair color, and breed characteris- 
tics of the animal will develop is in the first instant determined 
by the genetic pathway number 1, shown in Figure 19. The en- 
docrine glands and tissues are also genetically predetermined at 
conception, and how these endocrine glands are going to innetion 
is genetically determined through the pathway No. 2, shown in 
Figure 19. The endocrine function and the endocrine balance can 
modify the morphology of the animal to a certain extent. The 
animal which is in complete hormonal balance will have all the 
growth functions completed in an orderly fashion. If hormonal 
disturbances have taken place and the pituitary, for instance, 
has not stimulated the sex organs, the secretion of gonadotro- 
phins will be delayed and hence, ossification of the long bones in 
either the bull or the cow will be delayed and skeletal size will 
increase. The complete morphology of the animal can be changed 
as a result of hormones stimulated through endocrine. The ani- 
mal which produces too much somatotropin will have its mor- 
phology changed through pathway 3 (Figure 19), that is, the 
growth hormones will modify the size of the external effector 
organs. It will modify the muscling and fat deposits and it will 
modify the hair coat and color of the animal. The central nervous 
system and its functioning is genetically controlled by pathway 
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4. The central nervous system, especially through the hypothal- 
amus, determines the efficiency of the thermo-regulatory mecha- 
nism of the animal. The animal which does not have adaptabiiity 
will show a condition of hypertherma on hot days, wili suffer pi- 
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neURE 19. six pathmyx Involved In the interaction between fenee end phenotype. 

tuitary damage and hence, the whole morphologj- of the animal 
as a result of imbalanced hormonal stimula will be modjfied 
through pathwav 5 (Figure 19). The central net^ous .system 
will have a direct influence on the endocrine gland,. e=peciall> 
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the hypothalamus and the pituitary. The stimulation from the 
ncr\’ous system will cause endocrine function which feeds back 
through the central nervous system and will hence influence the 
reactions of the animal. Heifers which were placed with a vasec- 
tomized or teaser bull through pathway No. 6 (Figure 19) pro- 
duced endocrine reactions as a result of the neuropsychological 
stimulus. The reactions which took place caused the heifer to be- 
come more sexually active and mature. As a result, the body con- 
formation changed. It is therefore obvious that the ultimate 
morphology of the animal is controlled by the interaction of the 
complete genetic make-up and the total environment, the endo- 
crines, and the nervous system. 
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Environment and Reproduction 


A high calf crop percentage is the basic goal for the cow-calf 
man and any factor, or group of factors, that act to reduce 
reproductive efficiency are of great economic importance to him. 

Calf crop per cent varies with region as is shown in Table 63. 
The national average is 86 per cent, varj’ing from 70 to 90 among 


Table 63. — Number and Value of Cows and Calves, bv Sections, 1963 
AND 1962 CALF Crop* 


Section 

Number in 
thousands! 

Dollars in 
TIIOUSANDS t 

1962 

Calf ckop§ 

North Atlantic 

170 

977,420 

85 

North Central 

9,760 

6.994.001 


South Atlanticll 

2,453 

858,796 



11,024 

3,063,134 



6,476 

2,815,548 



1.6 

2.020 



75 

34.992 


U. S. 

29,960 

14.745.911 

86 


•U.S.D.A. Agricultural Stastics, 1963. 

+A11 cows and heifers 2 years old and over, number cr. farms. 

JTotal farm value. . . 

§N’ot strictly a calving rate. Fibres represent eah« t-.-.-p expretje.. ai 
rercentatre of the January 1 x=ve.-.tory of eces an/i heifers 2 years c i a.n.. 
over and not number of all cos»s and hejfcrs b.rt.>: ts ca.rrs uiT-.-g 

the Near. , . i. »• 

[South .\tlantic includes: Delaware, Mary-i=-i. \ irrma. V.«t . i.-rn a. 
North Carolirji. South Can.I:r.a. Gccrria. and f - 
jSouth Central includes: Kentucky. Te=r^e-~ee, .\_i-ar_a. 5. *j. • .Kr- 

kanvas. Loui*iar.a. Oklah-.-ma. and Teias. 
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rcKions. These percentages can vary within regions from as low 
as 30 to 40 under unfavorable conditions to 94 under good condi- 
tions and in well-managed beef herds. This means that some 
ranchers only wean 30 calves per 100 cows. The lowest rates 
are in the South Atlantic, South Central, and Alaska where there 
are e.xtremes in climatic environment. 



nCURC 20. Calf ahowlnf a typkal wrinter-typ® coal after 5 month* of natural do- 
creatine licht, Courtety of Profettor N. T. M. Yeates, The Unlvenltv of New England. 
Armldate, U. S. W. 


The clTocts of climatic environment on rcjiroductive cfilciency 
are complex. CVimate is comi>ose<l of n number of variables: 
lemjKiralure. Usht, humidity, air movement, radiation, rainfall, 
and altitude. Tempeniture is recofmlzed as the most critical of 
these variables in livtstock production. Extremes in these varia- 
bles cause stres^i in the brocilinp animal and Impair reproductive 
performance. 

The«e climatic variables have an cfTect on .soil, nutrition, dis- 
ca-se. and parasite**. The<e factors and their eiTccts on calf crop 
are ro\eri‘tl in this Ixwk. 

It is known that the-e varinldes work together in i>ro<luclnp 
the total l•}Tect of the natural mndition of clim.ate. The preat 
majority of stmlies or «b<*Tvallons have Ix-en made in tin* ficl<l 
where the variables are unconlr»>llable. Ibrause of this situation. 
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there have been conflicting reports which were probably caused 
by the interaction of variables. 

In general, cattle located in areas having high summer tem- 
peratures have their lowest reproductive efficiency during these 
months. In areas further north, where there are no consistently 
high summer temperatures, the poorest breeding efficiency is in 
the winter months. Reasons for differences in fertility in these 
areas could be length of daylight, temperature, or nutrition, ora 
combination of all. With this in mind, I will give a general review 
of the climatic environmental effects on reproduction. 

Although cattle are bred during all times of the year, there 
are peaks of fertility during certain months of the year in dif- 
ferent areas of the world. It has been observed that fertility is 
lowest in the winter months in Canada, northern United States, 
and parts of Europe. The short daylight hours have been blamed 
for this low level of fertility. A study has shown that semen 
quality gradually improved with increasing daylight until it 
reached a high in the long days of summer and fall. However, 
bulls under four years were higher in the winter and declined 
during the summer indicating that younger bulls were more 
affected by other factors such as temperature and possibly nu- 
trition (Mercier and Salisbury, 1947). Louisiana workers (Rous- 
sel ct al., 1964) were able to improve semen quality during the 
hot and humid summer by lengthening daylight by using incan- 
descent light. Conception rate in cows was highest during the 
longest days in Canada (I^Iorcicr and Salisburj’, 1917). In Alaska, 
herds of cattle that recoive<l 14 hours of light per day had an 
average conception rate of 53.6 per cent a.s comparcti to 4C.8 
per cent for a group under natural conditions — having onlv .7 
hours of light (Sweetman, 1950). 

In a controlled e.xporimcnt. length of the e.strual cycl.- 
normal in cows subjected to constant light and blindfold-?, al- 
though blindfolded cows did have a shorter e-trii^ period ar<! 
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of estrus. Duration of estrus is shorter when environmental 
temperatures are high, which increases the possibility of miss- 
ing estrus if a bull is not running with the herd. This can also be 

true in extremely cold weather. 

Controlled experiments (Gangivar, 1964) showed that the 
length of the estrous cycle was lengthened but the duration of 



FIGURE 23. Heifer with summer coat showing no distress after a 3-hour exposure to 
105® F. Courtesy of Professor N. T. M. Yeates. The University of New England. Armi- 
dale. N. S. W. 


estrus was shortened under hot climatic conditions. He also 
found that the intensity and manifestations of estrus were de- 
creased in the high temperature conditions. As in the U.S.D.A. 
experiments, the heifers did adapt to the hot conditions under 
adequate nutritional and management practices. 

Puberty was delayed in Shorthorn and Brahman heifers raised 
at SO^F. when compared to heifer calves reared at 50®F. or in 
an open shed. Santa Gertrudis calves were not greatly affected 
(Dale cf a/., 1959). 

Pregnancy raised the susceptibility to stress conditions. High 
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abortion rates have been observed during the summer months. 
In a controlled experiment (Ragsdale et ah, 1948), two cows 
aborted 4i/4 and 6-month fetuses two days following a 27-hour 
exposure to 100° P. 

In South Africa (Bonsma, 1955), miniature calves with birth 
weights of 22 to 30 pounds have been bom to European beef cows 
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tures after the exposure of bulls to extremely high air tempera- 
ture and requires a considerable time to return to normal. This 
condition leads to temporary sterility. Young bulls are affected 
most (Casady et al, 1953), Sex drive is generally less in times 
of temperature stress either high or low. 

Cattle can stand high temperatures during the daylight hours 
if they are able to cool off during the night. A constant high 
temperature will be extremely stressful and may prove fatal. 
The long term effect of constant moderately high environmental 
temperature is ‘^tropical degeneration'^ of the European beef 
cattle, as observed by Professor Bonsma. 

As weather gets colder, more nutrients are needed for the 
maintenance of body temperature. If inadequate nutrients are 
unavailable, the beef animal must draw on its body reserves for 
heat. If the animal goes down in condition, it could indirectly 
affect mating and parturition. Limited feed to the cow may also 
affect fetal development and lactation. The metabolism of the 
fetus helps protect the cow in cold weather. Calves are extreme- 
ly sensitive to cold, as the temperature regulating system in the 
newborn calf is poorly developed, and there is the danger of 
death when they are exposed to harsh environmental condi- 
tions. 

The calf must seek warmth and must nurse to keep up the heat 
balance in its body. If the calf is weak and its temperature falls 
fast after birth, it is less able and willing to nurse. 

Wetness from amnio tie fluid, rain or snow is a further hazard 
in cold weather especially when there is a wind. Although the 
cow is better equipped to maintain her body temperature against 
a cold than a hot climate, unusually severe weather occasionally 
proves calamitous. A classic example is the winter of 1886 when 
the western cattlemen suffered terrible losses. 

Disaster struck the western ranchers again in December, 
1964. A blizzard hit the Dakotas on December 16 with winds up 
to 50 miles per hour and temperature dropping to 36® below 
zero which lasted 48 hours (Henderson, 1965). Losses in some 
areas were as high as 10 per cent. Udder, teats, and ends of scro- 
tums were frozen and fell off. Bulls had testes frozen. Adverse 
carryover effects on reproductive ability are possible in cattle 
not injured as greatly. Observations indicated that old cows and 
2-year-old heifers, that had had a calf the spring of 1964, suffer- 
ed the most. The fattest cows came through the storm the best. 
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FIGURE 25. Cattle showing the effects of • bitaard In December, 1964. whl^ lasted 
48 hours with a temperature of 36® below zero and 50 mile an hour wind. Courtesy 
of Vinton Henderson, Lodgepole, South Dakota. 

Dr. E. J. Wanvick has mentioned driving in Florida during 
Februarj', 1951, and seeing thousands of dead cattle. This wa-s a 
result of a sudden cold rain although minimum temperatures 
were above freezing. 

High relative humidit.v intensifies the effects of high te.mpera- 
ture because it interferes with evaporative heat lo-s in beef ani- 
mals, making heat regulation of the body more difficult, Ani.mal 
comfort is related to the moisture in the air. Christie (19C2) 
ob.seiwes that in Southern Rhodesia the highest co.-.ception rate 
is at the time of highest te.mperature and Invest humidit.v. High 
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tures after the exposure of buJls to extremely high air tempera- 
ture and requires a considerable time to return to normal. This 
condition leads to temporary sterility. Young bulls are affected 
most (Casady et al, 1953). Sex drive is generally less in times 
of temperature stress either high or low. 

Cattle can stand high temperatures during the daylight hours 
if they are able to cool off during the night. A constant high 
temperature will be extremely stressful and may prove fatal. 
The long term effect of constant moderately high environmental 
temperature is “tropical degeneration” of the European beef 
cattle, as observed by Professor Bonsma. 

As weather gets colder, more nutrients are needed for the 
maintenance of body temperature. If inadequate nutrients are 
unavailable, the beef animal must draw on its body reserves for 
heat. If the animal goes down in condition, it could indirectly 
affect mating and parturition. Limited feed to the cow may also 
affect fetal development and lactation. The metabolism of the 
fetus helps protect the cow in cold weather. Calves are extreme- 
ly sensitive to cold, as the temperature regulating system in the 
newborn calf is poorly developed, and there is the danger of 
death when they are exposed to harsh environmental condi- 
tions. 

The calf must seek warmth and must nurse to keep up the heat 
balance in its body. If the calf is weak and its temperature falls 
fast after birth, it is less able and willing to nurse. 

Wetness from amniotic fiuid, rain or snow is a further hazard 
in cold weather especially when there is a wind. Although the 
cow is better equipped to maintain her body temperature against 
a cold than a hot climate, unusually severe weather occasionally 
proves calamitous. A classic example is the winter of 1886 when 
the western cattlemen suffered terrible losses. 

Disaster struck the western ranchers again in December, 
1964. A blizzard hit the Dakotas on December 16 with winds up 
to 60 miles per hour and temperature dropping to 36° below 
zero which lasted 48 hours (Henderson, 1965). Losses in some 
areas were as high as 10 per cent. Udder, teats, and ends of scro- 
tums were frozen and fell off. Bulls had testes frozen. Adverse 
carryover effects on reproductive ability are possible in cattle 
not injured as greatly. Observations indicated that old cows and 
2-year-old heifers, that had had a calf the spring of 1964, suffer- 
ed the most. The fattest cows came through the storm the best. 
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humidity is conducive to pest and parasite infestations which 
cause animal distress. 

Rainfall modifies the effects of temperature stress. It has a 
cooling effect which is an advantage in a hot-dry climate, but 
reduces the insulating ability of the hair coat, putting the animal 
at a disadvantage in cold weather. Soil and vegetation are affect- 
ed by rainfall. Mineral deficiencies are likely in areas of high 
rainfall. Deficiencies in calcium, phosphorus, cobalt, and other 
minerals can result in lowered fertility. Lack of carotene in for- 
ages can result in a vitamin A deficiency. This can occur from a 
long dry season. It is extremely important to the improved pas- 
tures in Florida. 

Solar radiation is a source of additional heat load on the beef 
animal’s body, increasing the heat stress during high environ- 
mental temperatures. It can be absorbed directly or reflected 
from the surroundings. Bare or plowed ground reflects more ra- 
diation than pasture or crop land. The animal will stay under 
shade, reducing grazing time, during periods of high tempera- 
ture and high solar radiation. High solar radiation is used as a 
source of heat by cattle to decrease cold stress. Solar radiation 
can cause irritation in the hides and eyes of cattle that lack 
pigmentation. Ultraviolet radiation can cause eye cancer. 

Air movement is related to body heat loss. As wind velocity 
increases, there is a reduction in the effect of hair coat insula- 
tion. This effect is important in cooling cattle in hot-wet environ- 
ments, reducing heat stress. It would increase cold stress during 
cold weather. 

High mountain or brisket disease is a condition affecting cattle 
living at high altitudes (Alexander and Jensen, 1959). It has 
been observed in cattle in western United States and Peru, at 
elevations above 7,000 feet. This disease is a congestive failure of 
the right side of the heart, and it develops slowly. It affects all 
ages and sex groups with a higher incidence in calves less than 
one year of age. The affected animals are reluctant to move and 
often have diarrhea and a high and labored respiration rate, 
which can terminate in death. The incidence of this disease varies 
from 0.5 to 1.0 per cent of cattle ranging in the high mountains, 
with some herds as high as 5 to 10 per cent. It usually occurs 
during fall, winter, and spring months. The cattle may recover 
without treatment in a week up to 12 weeks when moved to 
lower altitudes. This disease, caused by environmental stress. 
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has an indirect effect on reproductive ability of breeding animals 
and calf crop percentage. Although studies with other animals 
and humans have shown that high altitude has adverse effects on 
testicular function and fertility, this has not been shown in 
cattle. 

Exposure to atomic fallout is unique but interesting. A herd 
of 41 Hereford cows and 1 bull were accidentally exposed to 
fallout at Alamogordo, New Mexico, in July, 1945. The animals 
were given to the University of Tennessee for study. The four 
cows in calf at the time of the fallout dropped normal live 
calves. There were no differences in birth weight of calves. One 
cow (No. 52) lived 19 years and had 16 normal calves. This cow 
had received severe burns caused by the fallout. 

An effect of high temperature stress is reduced voluntary 
feed intake. This occurs as heat stress increases. It is a method 
which cattle use to reduce body heat production but as a result 
the animal lowers its nutritional level. Tropical and subtropical 
forages are frequently of low nutritive value tending to have 
high moisture content, low protein content, low digestive carbo- 
hydrates, and high fiber content. Deficiencies in minerals and vi- 
tamin A also occur. During high and low temperature stress, 
grazing time is reduced. As the animal must maintain a certain 
nutritive level, especially during cold weather, for increased 
feed to produce heat, low reproductive performance may be 
wholly or in part due to inadequate nutrition. 

Studies at two locations of different environmental climates at 
Beltsville, Md. and Jeanerette, La. by Wiltbank et aL, 1963, have 
shown that when heifers are fed adequately, reproductive per- 
formance is satisfactorj'. Dr, M. Koger has cited low nutritional 
levels as responsible for limited performance of cattle in Florida. 

Indications are that climatic environmental stress acts directly 
on the reproductive physiologj’ of the beef animal while indirect 
effects on reproductive efficiency due to inadequate nutrition are 
equally ns important. 

One of the quickest ways to reduce cost and increase profits 
is to increase calf crop percentage. Any practical way to reduce 
climatic stress will help to increase calf crop. 

Based on information available, some of the ways are : 

1. Use cattle best adapted to the area. An excelle.nt tcok o.". 
this subject is Crossbreeding Beef Cattle, edited by T. J. 
Cunha. M. Koger and A. C. Wamick of the University of FlorbU. 
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2. Control disease and parasites. 

3. Use shelters and shade in areas where necessary. 

4. Provide fresh water. Water reaairement of cattle increases 
when air temperatures are high and low. Cool water helps cool 
the beef animal during heat stress. Limited water allowances 
make heat stress more acute. 

5. Provide sprays. This has been effective in the hot-dry 
Southwest. 

6. Provide for adequate air movement. Fans have been effec- 
tive where natural air movement is low. 

7. Give beef females added attention at calving time. 

8. Clip hair coats under extreme hot conditions. 

9. Restrict exercise during periods of environmental stress. 

10. Cull low fertility females. 

11. Feed high-energy, low-fiber summer rations during periods 
of high environmental temperatures. The heat produced from the 
utilization of high fiber rations helps to protect the cattle against 
cold but contributes to heat stress. 

12. Feed supplements to cattle on poor pastures when needed 
to maintain their condition. 

13. Feed more good quality roughage during periods of severe 
winter weather. 

14. Use improved pastures and good management. 

Summary 

The effects of climatic environment on reproductive efficiency 
in beef cattle are complex. Climate is composed of a number of 
variables; light, humidity, solar radiation, air movement, tem- 
perature, etc. It is recognized that temperature is the most crit- 
ical of these. Extremes in these variables cause stress in the 
breeding animal and impair reproduction. 

Semen quality is adversely affected after exposure of bulls to 
high air temperature and the largest number of returns from 
breeding occur in the hot summer. In areas where the summer is 
cooler, lowest fertility usually occurs during the winter. This sug- 
gests that short daylight hours may cause reduction in fertility 
in northern areas. 

Duration of estrus is shorter when environmental tempera- 
tures are high, increasing the possibility of missing estrus. Se- 
vere temperature stress will cause cessation of the estrual cycle. 
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Relative humidity intensifies the effects of high temperature 
while air movement is related to body heat loss. Solar radiation 
increases heat stress or decreases cold stress. 

In addition to normal seasonal changes, the cattleman must 
be prepared for occasional unusually severe weather which 
strikes with little or no warning. 

An indirect environmental stress is reduced voluntary feed 
intake. Tropical and subtropical forages are frequently of low nu- 
tritive value, and low reproductive performance due to inade- 
quate nutrition is in this sense an environmental stress. 

Anything which can be done to reduce climatic stress will 
help to increase calf crop percentage which is the basic goal for 
the beef cattle breeder. 



J. c. BONSMA 



Hormones in the Bovine 


The bovine pituitary releases, in the case of the female, a gona- 
dotropic hormone complex composed of follicle stimulating hor- 
mone (FSH) ; luteinizing hormone (LH) which is commonly 
designated in the male as the interstitial cell-stimulating hor- 
mone (ICSH) : and luteotropic-like hormone (LTH). (Figures 26 
and 27). The main function of the follicle stimulating hormone 
FSH in the female is to stimulate the growth of the ovarian 
follicles. It also acts synergistically with the LH hormone to 
promote maturation of the ova and estrogen secretion by the 
ovarian follicle. The bovine pituitary is lower in FSH relative to 
LH than in other domestic animals. LH hormone and the syner- 
gistic action of LF with FSH to stimulate estrogen production 
by the ovarian follicle have been mentioned. LH is also active 
in follicular maturation and rupture (ovulation) as well as in 
luteinization of granulosa and theca cells. It will also have an 
influence on the formation of the corpus luteum and very possi- 
bly initiates its production of progesterone. 

Although ICSH may have some direct effect upon spermato- 
genesis in the male, its major action is stimulation of the inter- 
stitial cells of Leydig of the testis to produce androgens which 
are active in maturation of secondary spermatocytes and mainte- 
nance of spermatogenesis. The nature of LTH and its action as a 
luteotropic hormone in cattle remains obscure. It appears that 
prolactin, the LTH of the rat, is not the luteotropic principal 
in cattle. This evidence suggests that a luteotropic substance re- 
leased at the same time as LH or perhaps LH itself is responsi- 
ble for luteinization and initiation of progesterone production by 
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the corpus luteum. The possibility remains also that the act of 
ovulation itself may be sufficient stimulus to promote luteiniza- 
tion and formation of the functional corpus luteum. 

The ovarian follicle under the influence of FSH and LH is the 
main source of estrogens. Although the corpus luteum and the 
adrenal gland are known to produce estrogens also, the signif- 
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trogen on the animal body cover a wide range of activities. 
Estrogen feedback to the pituitary, probably via the hypothala- 
mus, suppresses FSH release. Also via the hypothalamus higher 
levels of estrogen are believed to cause release of LH. Under 
influence of estrogen the vascularity of the female reproductive 
tract is increased, the endometrial arterioles being more num- 
erous and coiled. Uterine muscle cell size is increased and there 
is an accompanied increase in uterine motility during the estro- 



FIGURE 27. The endocrine glands In a cow. 


gen phase of the cycle. Mucosal changes in the cow*s reproduce 
tive tract are less prominent than in other animals, probably 
due to the overall lower hormone levels. Nevertheless, the thick- 
ening and cornification of vaginal epithelium, the increased 
activity of the mucus secreting cells of the cervix and the con- 
gestion and edema of stroma plus hypertrophy of uterine glands 
during pro-estrum and estrum can be attributed to estrogen 
increase. 

The action of estrogen on mammary development is primarily 
upon tubular growth, but there is increasing evidence that es- 
trogen may have a large effect on alveolar growth as well, es- 
pecially in ruminants. Generally systemic effects of estrogens 
include increased rate of cell division thus promoting tissue 
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pulse to the brain that has a pathway to the central nervous 
system, causing certain behavoriai patterns.) Pathway 5 (Fig- 
ure 19) is the pathway from the central nervous system directly 
to the effector organs. This has a marked influence on the animal 
through the thermo-regulatory mechanism and through pitui- 
tary stimulus. The expression of the animal's genotype in its 
phenotype (i.e., its total morphology is the product of the inter- 
action of the external environment such as nutrition, tempera- 
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FIGURE 28. Interaction of hormones upon one another. 


turc, etc., as well as the internal environment) is the result of 
the action of the cndocrincs on the gene complex laid do\vn at 
fertilization. Figure 19 illustrates the various pathways. 

Figure 28 is a diagram which implicates the interaction of the 
cndocrincs upon one another. (The function of each endocrine is 
indicated in bold print.) The pituitarj* secretes gonadotropin — 
gonadatropins are hormones which stimulate the sex glands — 
these hormones have a direct influence on the gonads, i.e., the 
testes or ovaries. The pituitary gonadotropin lutenizing hormone 
has a direct influence on the intcr.stitinl cells of the testes, which 
in turn produce testosterone, the male sex hormone. Testosterone 
has a marked influence on the male sccondarj' sex characteris- 
tics of the bull. If there is a breakdown anywhere in the chain 
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reactions between hormones, this will be reflected in the mor- 
phology of the body conformation of the animal concerned. The 
same holds true for the female. Another pathway of a pituitary 
trophic hormone is through the corticotropin, and its effect on 
the adrenal cortex. This is reflected by hair growth, carbohy- 
drate metabolism, and male and female secondary sex charac- 
teristics. The thyroid gland has a marked influence on the 
metabolism of the animal. If any one of the hormone functions 
is severely interrupted, this will be reflected in the external 
morphology (body conformation) of the animal. 

Figure 27 is a diagrammatic drawing of a cow which indicates 
where the various endocrine glands are located and how these 
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FIGURE 29. The effect of «ge of eastTetion cfurtcterhlki of the male. 
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on the masculinity of the head. In the human being it is the 
beard, a receding in the hairline, and baldness: in the bull, it is 
coarser hair on the head, neck and a special pattern of hair on 
the neck, upper shank region, lower midrib region, and lower 
thigh. It has a direct influence on the sound the animal makes, 
the way the animal bellows. When an animal bellows, a real ex- 
perienced cattleman will tell you whether it is a bull, steer, or 
cow bellowing. The male sex hormones have a direct influence 
on muscle growth. All the data accumulated so far on feeding 
steer, bull, and heifer calves clearly illustrate this. The male 
calf's rib eye muscle is appreciably larger than that of the fe- 
male or that of the steer. This phenomenon is controlled by hor- 
mone action. Since the male hormones cause an outward visual 
expression of masculinity, any imbalance or impairment of se- 
cretion of the hormones will cause the bull to lack the appearance 
of a normal male. The ossiflcation of the epiphysis is dependent 
upon the secretion of estrogen in the case of the cow and tes- 
tosterone in the case of the bull. The sex hormones have a direct 
bearing on the development of the sex organs such as the testes 
and also on whether the animal will have sex urge, or libido. 
The end products of the hormones are given off through the kid- 
neys and I think we now have enough proof that the end prod- 
ucts are also eliminated by the liver through the bile. 

These sex hormones are steroids ; steroids belong to the chem- 
ical compounds, fats. The steroids (fats) of the sex hormones 
are probably absorbed or diluted by the fat of the animal which 
has become overly fat. Such hormones have been found to be 
secreted in the bile of fat animals. The sex hormones are absorb- 
ed in the adipose tissue and are excreted through the liver. The 
male and female sex hormones have a direct bearing on total 
growth. 

Figure 30 is a composite drawing of a left femur of a heifer 
that has reached puberty. The epiphysis, that is the epiphyseal 
cartilage line at which end the bone grows in length, ossifies 
when the animal reaches puberty and when sexual maturity has 
taken place. Figure 30 also shows the femur of a two-ycar-old 
heifer, where the epiphysis has just reached the stage of ossi- 
fication, but has not ossified completely so it is separated at the 
epiphyse.al line. The time of ossification depends on the hormone 
b.alancc. The secretion of estrogen in the case of the female 
and testosterone in the case of the male causes the bone to 
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ossify and the overall growth of the animal is stopped because 
the bone growth has discontinued. If ossification is delayed, the 
animal continues to grow and becomes taller and taller, hence 
the objection to the very tall animal. An animal should be large 
lying down, but should not be large and long-legged and indica- 
tive of an animal with an imbalanced hormone control. 

The ovarian hormones or female sex hormones have a direct 
bearing on the udder formation of the heifer. All the stages of 
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fluence on the thyroid and hence, on the total metabolism of the 
animal. It also has a marked influence on the adrenal gland, 
especially the adrenal cortex. The adrenal cortex gives off a sex 
hormone, androgen, which stimulates the animars sex activity 
—libido. The adrenal cortex produces the hormone which causes 
melanisation of the hair, that is the darkening and probably the 
thickening of the bull’s hair so that the bull has a really mascu- 
line appearance. The pituitary secretes hormones which have a 
direct influence on the testes, on the ovaries, and on the growth 
of the long bones. The somatotropin is the hormone which stimu- 
lates total growth. 

The basis of judging livestock for functional efficiency is illus- 
trated by the work of Zawadowski. If a cock is castrated, its 
whole endocrine system is thrown out of balance and it becomes 
a capon, but if the ovary of a hen is grafted in the neck of the 
capon, it develops all the secondary sexual characteristics of a 
hen. If a hen is ovariectomlzed, it is a capon that looks like the 
capon produced by caponizing a cock, and if the testes of a cock 
are grafted in the neck of the ovariectomized hen-capon, an ani- 
mal is produced with the secondary sexual characteristics of a 
cock. In other words, sex reversal can be experimentally produc- 
ed as far as the secondary sexual characteristics are concerned. 

The whole basis of the approach to livestock judging on a func- 
tional efficiency basis is based on this — if a bull is castrated, it 
is an ox. If the ox is treated with female sex hormones, the ox 
will resemble a cow; this was done experimentally for the Mc- 
Gregor Field Day that was held in Texas on March 4, 1965. These 
changes brought about experimentally in cattle often take place 
in animals under natural conditions. 

The question arises, why have we not judged cattle on a 
functional efficiency basis earlier? One big reason is that every 
textbook on endocrinology mentions that the steer resembles a 
cow. That is not true — a steer resembles a steer. It is my con- 
sidered opinion that the whole livestock judging system has been 
ruined by the ridiculous attitude of showmen who laid down the 
ideal breed standards based on the body conformation of the 
two-year-old ox for both the male and the female. If show ani- 
mals are studied carefully, especially from a functional anatomy 
point of view, it is very obvious that the show bulla have less 
male sex characteristics. The Aberdeen Angus bull that was sold 
in Britain in 1963 for the highest price ever paid for a bull, 
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namely 60,000 pounds or $200,000 was completely sterile and one 
could clearly see that he was not masculine; his muscling was 
not clearly defined, and he had fine feminine hair over his body. 

It is my considered opinion that the three illustrations of the 
twelve-year-old bull, the steer castrated at two years, and the 
third one castrated at eight months are really dramatic in illus- 
trating how the male hormones or lack of them changes the body 
conformation (Figure 29). 

A bull is a bull because his testes are intact and functioning. 
He has masculine hair on the sheath at the opening of the penis, 
is a really masculine animal, has a masculine crest, and shows 
darkening of the hair in the region of the neck and crest, upper 
shank, lower ribs and on the thighs. He has clear, well-defined 
muscles on the neck, crest, upper shank, front ribs and on the 
stifle joint. The bull’s color is not uniform and any breed society 
that puts down in its breed standards that bulls should be uni- 
form in color, is treading on dangerous ground. The adrenal cor- 
tex of the animal gives off the male sex hormone, testosterone, 
which influences the sex libido of the animal. Research tends to 
show that androgen, the secretion of the testes, and adrenal cor- 
tex have an indirect influence on the darkening of the color of 
the hair on the animal. A bull should not be uniformly colored 
because he has to have masculine hair in all the regions men- 
tioned. Figure 29 shows a bull's half brother, also 12 years old, 
castrated at two years of age. Since castration, his color turned 
uniform, lighter red than that of the bull. He has a rising chine 
because the ossification of the dorsal processes, that is the front 
vertebra, has not completely taken place. In everj* animal in 
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tile, the front ribs, thorax, chine, brisket, and head are the last 
parts of the body to reach maturity, that is the anterior half of 
the body, say from the sixth or seventh rib forward. The front 
ribs, the head, and horns continue to grow apparently until death. 
The steer castrated at six months of age (Figure 29) is 17 
years old now and still shows a certain amount of growth in the 
length of ribs, head and horns. The bull's size, limited by the 
ossification of the long bones, was genetically as well as endo- 
crinologically determined. The steer that was castrated at six 



FIGURE 31. An ciuinple ol . fertile cow. 


iTionth.s had delayed ossification of all the long bones which 
have an epiphyseal line and hence, his tremendous size. He 
is cxceedinRly tall and flat, over-developed anteriorly and under- 
developed posteriorly. Thi.s is the typical shape of any steer, not 
only Ilos inilictts, but of any breed. The stag or late c.astratcd 
bull has a much more muscular upper shank than a steer. The 
steer’s horns continue to (trow. The anterior part of the mandible 
continues to crow because the body of the mandible is made up 
of epiphyseal cartilaKc which in the bovine never completely 
ossifies. The rettion of the rump is relatively small, it is short 
from the hip to the pinbones and it is relatively shallow from 
the hip to the patella or stifle joint. 
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The concept of what happens to the bone growth in the case 
of the fertile (Figure 31) animal as compared to the sub-fertiie 
cow (Figure 32) is illustrated in these two figures. The scapulae 
or shoulder blades wei-e taken from two twelve-year-old cows 
that have had eight calves and two that have had no calves. Note 
how much larger and heavier the shoulder blades of the sub- 
fertile cows are as compared to the scapulae of the highly fertile 
cows (Figures 33, 34 and 35). The cannon bones (meta carpus) 
were taken from the same cows, and note how much longer and 


heavier the bones of the sub-fertile cows are than those of the 
highly fertile cows (Figure 36 ). 

The principle of bone growth is illustrated in Figure SO of a 
separated femur of a two-year-old heifer that has reached puber- 
ty but not quite complete sexual maturity’. The epiphyseal line 
was still open. This animal, at the time of slaughter, had not 
conceived. The left femur was cleaned, cooked and separated at 
the epiphy’sis. The epiphyseal region would have shown more os- 
sification if the animal had become pregnant and produced otT- 
spring. Bone growth stops in the fertile animal at the time of 
complete ossification of the epiphysis, (Bone grov.'th stops in any 
animal when complete ossification has occurred.) The ossification 
of the epiphysis is delayed in the sub-fertile animal and hence. 


2 




JUDGING FOE FUNCTIONAL EFFICIENCY 207 

continues to grow. This explains why the suh-fertile animal is 
usually very tall. 

The horn growth of steers and sub-fertile cows also continues 
indefinitely. The horns of a steer at Mara Research Station, 
South Africa, were measured from tip to tip every year from his 
fifth year until his death at nine years. Every year his overall 
horn length increased by approximately 3 inches. He had an 
overall horn length of 109 inches when he died. The horn growth 


FRONT LIMB OF THE BOMNE 



of the cow that has produced calves regularly and the horn 
growth of the bull will be appreciably slower than that of the 
stopr. 
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female (Figure 37) . Bulls with primary hypogonadism (small or 
infantile testes) possess potentiality for growing in height over 
a longer period of time than sexually active normal bulls be- 
cause the deficiency of androgens cause a delayed ossification of 
the epiphyseal cartilages of the long bones, especially the front 
limbs and long ribs. The activity of the growth-promoting glands 


THE SCAPULA AND META CARPUS 
OF THE FERTILE AND SUB-FERTILE COW 



FIGURE 36. Hi. sc^a and tnau carpus bones rt a fertile cow on the lelt and 
tub-fertile cow on the right 

such as the pituitary, thyroid, etc., which is hereditarily de- 
termined, continues to produce hormones which determine whe- 
ther or not c-xcessive growth of the C-xtremities will actually take 
place. The body proportions of the anterior development ns com- 
pared to the posterior development can be used for distinguish- 
ing between various endocrine types. 

The heifers by eunuchoidal bulls arc often tall and bellow 
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like steers, and very often exhibit the same type of body pro- 
portions as their sires. The ossification of the long bones in such 
heifers is delayed as a result of lowered gonadal activity. They 
often are low-fertile animals, cycling irregularly with udder de- 
velopment that is infantile. The udder of a heifer that comes in 
heat regularly is more prominent. 

It is known that the time of ossification of the epiphyseal 
cartilages depends on the maturation of the gonads, and hence, 
it has become customary to relate certain skeletal or body pro- 
portions to special endocrine patterns. In the human race, it is 
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The moment you get a bull or a cow with the region of the thurls 
and thighs (mainly the regions through the rump, that is from 
the one thurl to the other) that is wider than the rest of the 
body, you can be certain that bull has eunuchoidal proportions 
and is often sub-fertile, and the cow that has the steerlike body 
proportions often has low fertility- 

Figure 31 illustrates the form of the highly fertile animal. 
She has a good girth of chest- The floor of the chest is near the 
ground, or relatively near the ground. The rump, that is the 
area from the hip bones to the pin bones, is large, and from the 
pin bone to the stifle joint is deep. In the case of a sub-fertile cow 
(Figure 32) that has had three or four calves, the depth of chest 
is appreciably greater than that of the cow that has had nine or 
ten calves in the same time. The udder of the sub-fertile cow is 
functionally less efficient. It is also interesting to note how coarse 
the hair of the sub-fertile cow is. It is a much coarser hair than 
that of the fertile cow, especially from the middle of the back 
region to the crown of the head. Really coarse hair from the 
middle of the back to the top of the head, especially if that hair 
is darker and more bristly, is often indicative of a sub-fertile 
animal. The shape and skeletal proportions of the front limb is 
clearly illustrated by Figures 33, 34 and 35. The dorsal edge of 
the scapula is appreciably lower than the dorsal processes of the 
front vertebrae in the sub-fertile animal, and the scapula slants 
backward. The sternum is pushed down and slopes downward. 
All the hair on the neck is masculine, coarse, and heavy as com- 
pared with the hair of a fertile cow. The sub-fertile cow is rela- 
tively short from the hip to the pin and from the hip to the 
stifle joint. 

The completely sterile cow again differs from the highly fer- 
tile and sub-fertile cow. Such cows have tremendous depth 
through the chest, the brisket is very full and the immediate 
effect is that it slopes forward and downward. The sterile cow 
has tremendous fleshing on the cheeks. The distance from the 
eye to the corner of the mandible is large and the lower jaw is 
relatively heavy. She has bristly hair on her body. The distance 
from the hip bone to the pin bone and from the hip to the patella 
is relatively small. The sterile or sub-fertile cow has a tremen- 
dously well-developed buffalo hump. It is well fleshed and fat. 
She has flesh and fat on the shoulders and a very full brisket. 
The floor of her chest is high off the ground, that means the 
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distance from the ground level to the floor of the chest is rela- 
tively large. The accurate scale dravrings of the fertile (Figure 
31) and the sterile cow (Figure 32) differ very markedly; the 
sterile cow is appreciably bigger as far as tallness is concerned 
than the highly fertile cow. The sterile cow is big in front, all 
the body parts in the anterior half of the body are much bigger 
in the sterile cow than in the fertile one. If you compare the 
hindquarters of the highly fertile cow with that of the sub-fertile 
cow, it is obvious that the pelvic region and rump of the fertile 
cow is appreciably larger than that of the sub-fertile one. So is 
the distance between the hip and the stifle joint appreciably 
larger in the fertile cow than it is in the sub-fertile cow. The 
overall size of a low-fertile animal is larger than that of the 
highly fertile one of the same breed, but the fertile one is much 
better developed and relatively much larger in the hindquarter 
than the suh-fertile cow. 

The concept of differences in functional efficiency in cows is 
best illustrated in dairy cows. Every part of the body of the 
functionally efficient cow in front of about the sixth, seventh or 
eighth rib is lean. The trend in Europe is toward dual purpose 
cattle for the production of milk and meat. It is not necessary’ to 
go into dual purpose cattle — just select for beef the cattle that 
do not have too much fat on the shoulder and between the 
shoulder blades, that have balanced bone growth, secondary sex 
characteristics, and hair. Then we will have functionally efficient 
beef cattle. 

Figure 38 shows an eight-and-one-half-year-old Jersey cow 
that has had seven calves in seven inseminations. The other cow 
in the diagram is eight and one-half years old and has had no 
calves and is typical of a functionally inefficient animal. The 
functionally inefficient cow has a round muscular neck with clear- 
ly defined muscles. There is no dewlap fold around the brisket. 
The hair from the crown in the center of the back is darker 
and bristly. The shoulders are fleshy. The body hair is often dry 
and coarse, and the hair on the udder is long and woolly. The 
hair on the sterile cow is often darker than that of a fertile co’w. 
The adrenal cortex of the sterile cow in all probability gives o.T 
androgen hormone which is responsible for t.he darxe.’iing effect 
of the hair of the sterile aninaal. 

That the sex hormones have a veo’ marked inSce.-.ce cn the 
quality and texture of the hair and hair shedding, ca.'i no l.-nger 
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FIGURE 38. Top cow has had no calves while bottom cow has had 7 calves. Goth 
are 8V4 y«a« 


hair the steers, drj’ and lonpcr hair. The muscles in the upper 
shank rcKion are well developed in the bulls. They have mascu- 
line cre.st development and their mu.scle3 are elearly defined. A 
male -should have clearly denned muscles; the smooth animal is 
often eunuchoidal. The steer has very little masculine hair on 
the openinK of the penis, his neck is thinner, there is no round 
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and muscular crest development. If a fourteen-month-old bull 
is compared with a fourteen-month-old steer (Figure 39) it is 
obvious that they differ with regard to size and body conforma- 
tion, muscularity, hair quality and texture. The hair of the young 
bull is lively and sleek, while that of the steer is dead and dull. 
The relative positions of the shoulder blades also differ in these 
animals. The scapula of the steer is in a backward slanting po- 
sition. The legs of the steer are appreciably thinner than those 
of the bull. At the age of fourteen months, the bulls, on an aver- 
age, weigh 80 pounds more than the steers. 

The influence of the sex hormones on the hair growth and hair 
shedding of cows and heifers is most important. The cow sleeks 



FIGURE 39. Note the difference In conformation of « 14 month old bull (left) and 
steer (right) of the same age. 


oft immediately when she becomes pregnant and remains sleek 
throughout lactation. The open cow and sub-fertile cow that is 
not pregnant does not sleek off. Her hair grows and sleeks off 
only when she is pregnant or is functioning efficientiy. it e can 
change the hair coat of an animal artificially by the injection of 
sex hormones. Heifers treated with sex hormones .such as stil- 
bestrol shed their coats within three weeks. The moment an 
animal becomes pregnant, a narrow line on the spine becomes 
veo' sleek and darker. The thin line along the .spine is very 
glossy, and almost looks as if the cow has been rubbed with an 
oilv rag. The sleeking off also takes place in steers or open 
heifers wlien they are in good health, have a good nutritional 
status, and the climate is petting warmer. The sleeking c;T. hov.-- 
ever, is not ne.arl.v as well defined as in the case of a preg^.nt 
cow or lieifer. Figures -10. 41, and 42 s.now exa.mpl— » of highly 
fertile cows. 
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There is no pattern in the hair of the low fertile or sterile 
antarThere is often no real sleeking off and there is no darken- 

fertue or sterile animal is hard and flinty, and it often has 



FIGURE 40. A highly fertile Brahman cow. Note the leanness of shoulder. The sk^ 
fold along the britket. I.e. the dewlap around the brisket Is free from fat deposits. 
Note the position of the scapula relative to the top of the chine. 

ossified white rings or patches which are very smooth, porcelain- 
like and very hard. Figures 43, 44, and 45 illustrate low fertility 

cows. , 

The cow that has aborted often develops the extremely 
smooth, hard white spot or rings on the horns. The brisket is 
often full with lumpy patches of fat on the brisket. A hnfMo 
hump develops, and the hair becomes darker and bristly. The 
hair on the head, neck, shoulders, and lower thigh regions is 
coarse, dull, and dry. Fat in front of the udder and a longitudinal 
lump below the vulva are typical characteristics of the 
tile cow and the aborter shows irregular lumps of fat whicn 
arc probably harder and encapsulated. Figures 46 and 47 illus- 
trate low fertility cows which have aborted. 
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In the case of a pair of 

-- Buh-fertile 

mmmm 



FIGURE 43. Low fertility cow. Note the forequarter of a typically low _ 

sterile voung cow. Note the muscularity of the neck and the smooth, full protru ng 
brisket If the animal had aborted the brisket would be lumpy. 


coat cover; the fertile one was much sleeker than the one that 

did not calve. . , 

The animal that has become sub-fertile or sterile or the animai 
which calves irregularly (that is cows which have intercalving 
dates of eighteen months and more) develop certain character- 
istics which are indicative of endocrine imbalance and upset 
metabolism. The cow develops certain characteristic <iepo 3 its 
nn the body (Figure 48). The first is on the lower cheek, the 
second on the brisket: the brisket becomes full, the whole dew- 
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lap disappears and there is no skinfold around the brisket. The 
cow develops a buffalo hump on the chine, an ovalshapcd lump of 
fat on top of the shoulder blades. Usually a tremendous amount 
of flesh and fat is deposited between the scapulae or shoulder 
blades. An oval fat deposit develops on the lower ribs and a 
very heavy fat deposit on the hip bone. The fat on the hip bone 
is a very solid type of fat; it is a sort of immobi!i2.Tblc fat 
which becomes almost as hard as cartilage when the anim.al 





.8 



FIGURE 45. A typical low fertility cow. Note the roundness of neck, the rising crest 
and the very full smooth sloping brisket. Note the tremendous amount of fat deposit 
over the center of the back. She is short from hip to the pin bones and from the 
hip bone to the patella (stifle joint). The udder tacks functional efficiency. 
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also shows characteristic changes in her morphology. The bris- 
ket drops forward and downward, and it loses the skinfold off of 
the dewlap around it. The cow that has been fertile and then 
gone sterile develops a peculiar body conformation in the hind- 
quarters. She is completely round in every direction, from direct- 
ly behind and from the side view. Such an animal’s vulva often 
becomes infantile, that is, as a result of discontinuing of repro- 
ductive function, hypoplasia of the genitalia takes place. A de- 
finite oval lump of fat develops in the region below the vulva. 
The hindquarters resemble a big ball cut in half and placed at 
her rear end. If animals become so rounded in the hindquarters 
that they resemble a horse’s buttocks, it becomes doubtful if 
such an animal will settle readily. Many typical show heifers 
have tremendously developed hindquarters which look as if they 
.are protruding posteriorly. They have much fat development in 
front of the udder, the brisket is too full, a darkening of the 
hair takes place, especially in the region of the neck, upper 
shank and lower thighs. If a cow or heifer's tail cannot hang 
down perpendicularly, it is doubtful whether she will settle read- 
ily. A cow or heifer that settles with one insemination, has 
square hindquarters and the tail hangs down perpendicularly. 
Her brisket does not protrude forward and downward. 

The livestock industry has had this problem of over-fat, sub- 
fertile cows for a hundred years or more. This is shown through 
the illustrations of show winning cows of 1865, An illustration of 
a show champion cow in South Holland is that of an absolutely 
low fertile cow. She has tremendous development in the front 
region, is small in the rear, has a heavy crest, a rounded neck, 
and full face. Those animals that are regular show winners are 
those that have problems with regard to fertility and yet have 
conformed to show standards for generations. 

An illustration of a show winning Shorthorn cow is typically 
that of a low fertile cow with a full brisket with no dewlap or 
anything around it, a round neck, deep through the region of 
the chest where it should not be deep, and shallow through the 
region of the flank where it should be deep. The udder is infantile 
for that of a large cow. The low or sub-fertile cow often has a 
dark line of bristly hair on the top of the neck and crest, and a 
full brisket. The animal that has aborted often has patchy lumps 
of fat on the brisket. The brisket is not smooth and the teats 
very often show that the udder has developed to a certain ex- 
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tent and then receded, which is indicative that the cow has aborts 
ed. The cow that loses a calf before suckling it for a few months 
or the cow that aborts, develops a white porcelainy mark on the 
horns. If too much stress is placed on growth in an animal, an 
imbalance between the somatotropins, that is the growth hor- 
mones, and the gonadotropins, that is the sex hormones, is struck 
and hence, fertility is lowered. 

At the McGregor Station, a Hereford bull was treated with a 
female sex hormone, stilbestrol, by implantation of stilbestrol in 
the neck. The bull started sleeking off in three weeks’ time, the 
hair color became lighter and his head became completely femi- 
nine. He showed the typical syndrome of gynecomastia, that is 
the development of female teats and hair completely different to 
that of the control bulls. 

The female sex organ, the vestibule of a cow that has been 
treated with male sex hormones, developed a very large clitoris. 
If a heifer’s vulva points downward and protrudes posteriorly 
and is very large, it is indicative of an imbalance of the female 
sex hormones and of the clitoris being very large. Such females 
often come in heat irregularly. It is possible to select heifers for 
functional efficiency before they are exposed to the bull for the 
first time. The fertile heifer looks feminine, has a normally de- 
veloped vulva, and the udder is well developed and indicative 
that she is cycling regularly. The sub-fertile heifer is usually 
very large in size, looks masculine, has a masculine or steery 
head, an infantile vulva and udder. She has bristly hair on the 
back, is deep through the chest, and has a downward, forward 
protruding brisket. She does not cycle normally. In an old cow 
that calves regularly, it is noted the horns are usually and evenly 
a grayish color with no hard smooth patches. ’The regular calver 
has a lean face, an absolutely lean neck, a skinfold right around 
the brisket and the top of her shoulder blade, and a scapula 
which is higher than the highest points of the spinous processes 
of the dorsal vertebrae. Such a cow has tremendous stomach 
capacity and a well developed udder that is functionally efficient. 
The animal that is really functionally efficient has small, sleek, 
and verj- shiny teats. Her tail hangs down perpendicularly. The 
moment a cow gets hea^w in the region of the brisket and on 
the shoulders, it is certain that she does not calve regularly and 
is a poor producer of milk if she calves. 

Figure JD is a diagram of two Brahman cows, drawn accurate- 
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FIGURE 49. Bottom cow has had 11 calves and the other has not raised a calf. 


ly to scale. One cow has had eleven calves in thirteen years, 
the other one has had two abortions and has not raised a calf. 
The cow that has aborted has lumps of fat on the brisket and has 
an udder that indicates it has not functioned properly. She has a 
development of fat on the shoulders, ribs, and hipbones. In otne 
worcls'^she has the conformation of the low or sub-fertile animal. 
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Figure 50 comes from a cow that is 12 years old and has had 
8 calves. The horn of her uterus indicates that it is functioning 
normally. There is a corpus luteum on the one ovary and a 
ripening Graafian follicle on the other. Figure 51 comes from the 
half-sister of the 12-year-old cow that has had 8 calves, but this 
cow has had no calves. She is large, masculine looking, with a 
heavy head, dull and dead hair on the neck and on the regions of 



FIGURE 50: Uterus of a 12 year old cow that has had 8 calves. Note the corpus 
lutem on the right ovary and the maturing Graafian follicle on the left. 


the flank and rump. She has no udder development (an absolute- 
ly infantile udder). Her complete reproductive tract, photo- 
graphed from the same distance as that of the animal that has 
had 8 calves, is completely Infantile. 

In a functionally eflicient bull, there is a darkening of the hair. 
Even in the case of an Aberdeen Angus bull, there .should be 
masculine black hair on the neck and crest. A bull must have a 
well-muscled, maj^culine crest, with well defme<l muscles in the 
neck. A maf^culine bull should have well defined mu«cle.s on the 
upper front limb and well defined mu'^cle-s on the patella or 
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stifle joint. The testes should be well developed. A too loose, 
extensive sheath development is most 

behind, the fertiie buil has well sprung ribs, and the lower riD 

region is the widest part of the body. j • i? i-ontoa 

Figure 54 shows a Brahman bull that has a good pair of testes. 
In most lectures on the sex physiology of bulls, it unfortuna e y 
is customary to start with the intemai anatomy of the sex or- 



FIGURE 51. Infantile reproductive tract of a 12 year old cow. 


gans by showing cross-sections of the various organs. The ex- 
ternal male sex organs such as the testicles, scrotum, sheath and 
penis are most important and of great value in evaluating the 
animal’s sexual potential. Then one should take off the skin and 
cut the animal in two to show the internal anatomy. It is so 
much more interesting and so much more revealing to judge the 
external anatomy first and interpret the visual appraisal in terms 
of sex physiology. 

The scrotum is a most delicately arranged thermo-regulatory 
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mechanism. It has the function of keeping the testes cool when 
hot, and if it is cold, to keep them warm. The scrotum can pucker 
up when it gets cold. The skin of the scrotum can withdraw and 
form skinfolds which make the skin an appreciably better heat 
retaining organ, by reducing the surface area and entrapping air 
in the skinfolds; it also draws the testis almost into the abdomi- 


nal cavity of the bull. 

Harrison of Liverpool University and I did quite a bit of work 
on the thermo-regulatory mechanism of the scrotum and vascu- 
lar system of the reproductive organs of bulls. The spermatic 
arteries and veins have a thermo-regulatory function. By pu - 
ting Chlor-Bismuth, that is a radio opaque substance, in the 
spermatic vein and then taking X-ray photographs o e 
it was obvious that the vascularity of the testes of bulls adapted 
to temperate zones differed very markedly from those of bulls 
adapted to tropical and subtropical regions. The anirn. 
scrotum and testes have a really good thermo-regulato^' rnech- 
anism has tremendously tortuous spermatic vein 
which enables the animal to maintain the 
testes. If the testes become too large and thrve"n 

about and get injured, a varicocele deve ops - ti,e 

and the whole thermo-regulatory function is impaired and the 

a photograph of the testes 

bull that indicates severe h*,vs prolapse of the 

testicle that is over-developed. The p Hrcro oncning 

prepuce, far too much sheath deve ‘ "polled Swed- 

in the sheath. These defects are her i ■ ’ , hypoplastic 

ish Mountain breed, two show winning 

testicle and one normal testicle almost ruined the vhole breed 

cattle by producing ^^-fertile P V jhe hindquarters 

The difference P®twe®n the devetopm^ 

of a hypoplastic eunuchoidal l ^ 

a normal bull (Figure , functioning testicles with a 

normal bull has a pair "^''“hoidal bull has a pair of 
romp“hrpopSr.:s^ (Figure 55,. This s>-r.drome i, 

I encountered i^y 

all three were the sons of “ . -v.™ sens had proriucfn! 

produced 7 offspring in 1PM. and his three so-.s r_. p 
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no progeny in 1964. At a Brahman ranch a very tall bull produc- 
ed many tall sub-fertile type heifers. In Sweden, two bulls that 
were regular show winners were used extensively. They were 
half-brothers and both were hypoplastic. Thirty years later this 
breed was found to be sub-fertile. In an endeavor to overcome 
this problem, 8,000 heifers were slaughtered and no fewer than 
1,070 were found to be sub-fertile and to have abnormalities of 
the genitalia with either one or both ovaries being abnormal. 

Very straight hocks in a bull are objectionable. Such bulls 
have high thurls (top of the trocharter major), and the joint of 
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Heritable defects such as weak pasterns interfere with the 
bull’s ability to serve and so do weaknesses such as corns be- 
tween the rear hooves. The sperm testing of bulls is no index of 
their ability to settle cows, unless we are certain they have no 
defects which will interfere with their serving ability. Semen 
quality and a semen test are not the answer to whether the bull 
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BACK LIiMB OF THE BOVINE 



FIGURE 56. Back lifnbs of suMertite and fertile cows. Note the larfer opening of 
the pelvis in the fertile cow. 


PELVIC LIMB OF THE BOMME 




FIGURE 57. tTw irnaSw pes« eoe's»< w r** om 
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especially undesirable. The moment that a bull with corns 
mounts a cow, the corns hurt and the bull withdraws before the 
act of mating is completed. 

Arthritis is another heritable defect; it is caused by a dis- 
turbance in the steroid metabolism. It is closely correlated with 
reproductive impairment. The sex hormones and fluids are pro- 
ducts of steroid metabolism and any animal that has arthritis 
should not be used in a breeding program. Several herds in this 
country have bad arthritic bulls in use. Some badly affected arth- 
ritic bulls are kept at bull hotels where the semen of these bulls 
is obtained by the electroejaculator and semen banks are built 
up for future use. A disservice is done to the breed by propaga- 
ting these arthritic inclined livestock. In the case of one arthritic 
bull in the United States, I saw thirteen of his heifers and eleven 
had to be culled as a result of being low in fertility and arthritic. 

Double muscling in cattle is a serious problem. Not only are 
double muscled cattle lower in fertility, but calves by double 
muscled bulls cause calving difficulty. I am not interested in any 
bull which has abnormal muscle development anywhere. Bulls 
which are not balanced as far as body conformation is concerned, 
especially when they have relatively large, long heads and very 
deep forequarters, are inclined to cause calving difficulties in 
the cows. 

The sex hormones have a direct influence on the coat color, 
the sleekness, and the darkening of the hair in the bull. Bulls 
with sleek hair and darkening of the hair on the neck, upper 
shanks, and thighs usually have greater sex libido than bulls with 
dull, evenly colored hair coats. The darkening of the hair and 
the coarsening of the hair on the neck — a definite masculine 
secondary sexual characteristic — is caused by the androgens 
given off by the testes and adrenal cortex. If a bull’s color on the 
darker regions of his hide fades, the bull will become less sex- 
ually active. A highly fertile bull with good libido usually has 
tremendous darkening of the hair in particular regions of the 
body. It occurs in the neck, the upper forearm or upper front 
leg. along the brisket, the lower rib area and the sides. Bulls 
that are dark in those areas usually have tremendous sex ac- 
tivity. 

You may ask the question, why does it help you to know how 
to judge cattle for functional efficiency? If you know whether a 
heifer is going to be highly fertile when you select her, and if 
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you know that a heifer will settle on one service or very few 
services, it saves bull power on the ranch and it increases calving- 
percentage. One particular ranch on which cattle were selected 
for many years, had an average calf crop of 70 per cent for 
thirteen years. Then in 1956 all animals were appraised for 
functional efficiency and all animals, heifers, cows, and bulls, 
that seemed functionally inefficient were culled. A total of 349 
cows out of 2,669 were butchered. The owner was perturbed 
about having to cull 349 at this stage; he thought he would 
never have a large calf crop again. The calf crop jumped to 87 
per cent; then 85, 87, 90, 92, 93, and 93 per cent. The year after 
the culling, this ranch produced 170 calves more than ever be- 
fore produced and the overall income increased by $40,000. 

By applying our knowledge of judging livestock for functional 
efficiency and by using this tool hand-in-hand with performance 
and progeny testing, we will greatly improve livestock produc- 
tion. 
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that seemed functionally inefficient were culled. A total of 349 
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about having to cull 349 at this stage; he thought he would 
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the culling, this ranch produced 170 calves more than ever be- 
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and progeny testing, we will greatly improve livestock produc- 
tion. 
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Heritability of Reproduction 


The ability of the cow to conceive at regular intervals, provide 
an optimum environment for the growth of the fetus, and give 
birth to a normal calf are factors of prime importance to success 
in the beef cattle business. According to United States Depart- 
ment of Agriculture statistics, the average calving rate in cows 
and heifers two years of age and older for the United States as 
a whole was 86 per cent in 1967. The corresponding estimate 
for Florida cattle was 76 per cent. This means that Florida 
cattlemen are averaging 10 calves less at birth per 100 cows 
bred than the average cattleman in the United States. Much of 
this difference may be due to genetic differences in the cattle 
populations of Florida and other parts of the nation which could 
result from natural stresses working against efficient reproduc- 
tion in Florida cattle. If genetic factors are involved, then se- 
lection for high reproductive rates should be beneficial from 
the standpoint of increasing the calving rate and, consequently, 
the gross income from the cow herd. 

Reported Studies on Reproductive Traits 

Heritability is the percentage of the total variability of a trait 
that is influenced by genetic factors and passed on to the off- 
spring. The higher the heritability estimate, the greater the 
opportunity for genetic improvement by selection. Reported esti- 
mates on heritability of reproductive traits in beef cattle are few 
in number. Traits such as calving interval, time from parturition 
to first estrua, number of services per conception, and per cent 

9.^2 
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of non-returns to first service have been investigated rather 
extensively in dairy cattle and to some extent in beef cattle. 

There are evidences of a general nature and from many 
sources which suggest that genetic factors affecting reproduc- 
tion are differences due to breed groups, sire progenies, and cow 
families. Reynolds (1960) and Roger et al. (1962) reported 
highly significant breed group differences in the number of 
calves born and the number weaned per cow bred in a study 
involving straight-bred British and Brahman cattle and various 
crosses of these breeds. Warnick ei aL (1960) studied the rate 
of reproduction in 10,170 cows from experiment station and pri- 
vately-owned herds in Florida over a five-year period and found 
that Brahman and crosses involving Brahman cattle had signif- 
icantly lower pregnancy rates than British breeds. Spielman and 
Jones (1939) reported marked differences in reproductive effi- 
ciency between four of the major breeds of dairy cattle and 
between various cow families within these breeds based on age 
at first calving and regularity of calving. They found a correla- 
tion of 0.55 between the reproductive efficiency of foundation 


cows and the average of their daughters. ... 

Kab (1937) studied records of 7,104 calvings id cattle 
in Germany and noted differences between the fertility of Proups 
of cows sired by different bulls. High fertility was eviden in 3o 
groups and low fertility was present in 11 
and Davis (1945) examined the breeding records of the daugh- 
ters of 19 dairy bulls used in the Nebra.ska Experiment Station 
herds and found the daughters of one bull required » 
ly greater number of services per conception than the a\erake. 
and another group closely approached this level They 
that in 20 cow families, one had ver>- low fertihtj ^ 

extremelv high fertility, based on .services per conception, . far 
ct al (1961) found that the line of sire of the 
icant effect on conception rate in a W isconsm " " jL' " 

herd of Holstein cows as determined by recta! palpatio., o-. - > 
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on non-returns to first service in a population of half-sib cows 
within the same dairy herd to be 0.004. When calvinfi- inten-al 
was used as a measure of fertility, heritability was estimated to 
be zero. 


Recent Studies in Florida 

Records from a purebred Brahman herd and a crossbred 
foundation herd, which were accumulated over a period of 15 
years, were recently analyzed by Deese (1965) for heritability 
of calving rate. The crossbred herd was of Shorthorn-Brahman 
breeding and was maintained as a closed herd throughout this 
period. 

The two herds were maintained under similar conditions and 
management practices with the breeding season extending over a 
period of four or five months. Annual individual calving records 
were maintained for all cows in the breeding herd, and the preg- 
nancy status of all cows eHminatc<l from the herd wa.s deter- 
mined. A cow which gave birth to a calf or was pregnant when 
sold was given a code of one (1) and all others were coded zero 
(0). These values were usc<I as observations in the statistical 
analysis for c.stimating heritability. 

The variou.s methods for estimating heritability were ba’'»’d 
upon the re.semblance between closely rclate<l individuaN 
compared to the resemblance between nonrel.ated or less closely 
related individuals. Both genetic and environmental sources of 
variation contribute to the likeness of individu.'il-*. The accuracy 
of heritability cstimatc.s depends on the accuracy with v. hich 
these component.s are measurc^tl. Statistical proceslures for esti- 
mating the components of variation are de-cribs-fJ m many r ub.’!- 
cations and details of such are not con^ideret! p.-^ctical for this 



234 FACTORS AFFECTING CALF CROP 

the same breeders cooperative in Wisconsin, Inskeep et al. 
(1961) found conception rates ranging from 43 to 94 per cent 
in 27 paternal half-sib groups of heifers and a range of 33 to 91 
per cent in 36 paternal half-sib groups of parous cows. Herita- 
bility of conception rate based on birth of a live calf from first 
insemination was 0.085. Olds and Seath (1953) studied 472 nor- 
mal parturitions of 210 dairy cows in the Kentucky Experiment 
Station herd and estimated heritability of time from calving to 
first estrus to be 0.27 and 0.32 by intra-sire daughter-dam 
regression methods, using first records only and average of all 
records, respectively. Paternal half-sib correlation of average 
records revealed heritability to be 0.31. 

In a study involving 537 Holstein-Friesian cows over a 30- 
year period in Maryland, Wilcox et al. (1957) found heritability 
of breeding efficiency, based on daughter-dam regressions, to be 
0.32. Contrary to the above reports, which suggest genetic differ- 
ences in reproductive traits, other workers have reported ex- 
tremely low or zero heritability estimates for these traits. Lind- 
ley et al, (1958) studied the reproductive performance of a 
purebred Hereford herd In Oklahoma and found heritability for 
such traits as services per conception, calving interval, and in- 
tervals from calving to first breeding, first breeding to concep- 
tion, and calving to conception ranging from zero to 0.07 by 
paternal half-sib correlation methods. Estimates based on 
daughter-dam correlations and regressions ranged from -0.24 to 
0.30 which were interpreted to mean that the true estimates 
were near zero. Brown et al. (1954) reported that heritability 
of calving interval in an Angus herd mated for year-round calv- 
ing under range conditions in Mexico was practically zero by 
half-sib correlation and daughter-dam regression methods. War- 
nick (1955) found no significant breed or line effects on interval 
from parturition to first estrus in the Angus and Hereford cows 
of the Oregon State College herd. 

Olds and Seath (1950) reported a very low correlation of 0.084 
for breeding efficiency in consecutive years based on number of 
services per conception in dairy cows and concluded this to be 
too low for predictability. Legates (1954) studied the breeding 
records of 1,129 dairy cows and estimated heritability of ser- 
vices per conception to be 0.026, while 2,419 calving intervals 
for 1,016 cows revealed a heritabUity estimate of 0.133. Dunbar 
and Henderson (1953) estimated heritability of fertility based 
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on non-returns to first service in a population of half-sib cows 
within the same dairy herd to be 0.004. When calving inter\’al 
was used as a measure of fertility, heritability was estimated to 
be zero. 


Recent Studies in Florida 

Records from a purebred Brahman herd and a crossbred 
foundation herd, which were accumulated over a period of 15 
years, were recently analyzed by Deese (1965) for heritability 
of calving rate. The crossbred herd was of Shorthorn-Brahman 
breeding and was maintained as a closed herd throughout thi.s 
period. 

The two herds were maintained under similar conditions and 
management practices with the breeding season extending over a 
period of four or five months. Annual individual calving record.^ 
were maintained for all cows in the breeding herd, and the preg- 
nancy status of all cows eliminated from the herd was deter- 
mined. A cow which gave birth to a calf or wa.s pregnant when 
.sold was given a code of one (1) and all others were coded zero 
(0). These values were u.se<l as observations in the stati^^tical 
analysis for estimating heritability. 

The various methods for estimating heritability were based 
upon the ro.scmblance between closely rclatwl individuaN 
compared to the resemblance between nonrelated or le^s closely 
related individuals. Both genetic and environmental souri-fs of 
variation contribute to the likeness of individuals. The accuracy 
of UcrifabiUty estimates depends on the accuracy \%ilh v. Inch 
thc.se components are me.asuriMl. Statistical procetlures for e-tj- 
mating the comi>onents of vari.ation are cle-crdK^l in many p-.-bli- 
cations and details of such are not consjdrreil practical for thi< 
presentation. 
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1. Paternal half-sib correlation of first records only from 
three-year-old cows, all of which were nonlactating during the 
breeding season. 

2. Paternal half-sib correlation of second records only from 
four-year-old cows, all of which were lactating during the breed- 
ing season. 

3. Paternal half-sib correlation of lifetime average calving rec- 
ords for all cows in the herds. 

4. Intra-sire regression of daughter’s lifetime average record 
on the lifetime average record of her dam. 


Table 64. — Means and Heritability Estimates for Birth Rate Based on 
Paternad Half-sib Correlations of Single Record: 


Basis for Estimate 

Mean 

Birth Rate 

H2 

Brahman Herd 

First record only 

0.83 

0.31 

Second record only 

0.62 

0.21 

Crossbred herd 

First record only 

0.80 

0.63 

Second record only 

0.51 

0.56 


Since the observed individual birth record was an all-or-none 
characteristic (the cow either had a calf or did not have a 
calf), the within-subgroup variance of single records in methods 
one and two above was correlated with the mean birth rate of 
the population. Therefore, statistical procedures described by 
Lush et al. (1948) were used to derive heritability estimates 
from analyses 1 and 2. No transformation was used in methods 
3 and 4 since the observations used were means, and approxi- 
mate normality of distribution was assumed. 

The variance analysis of first and second single records re- 
vealed significant effects for sire of cow on the birth rate in the 
crossbred herd. Sire effects approached significance in the Brah- 
man herd. Mean birth rates and heritability estimates (h^) 
based on single records are shown in Table 64. The mean birth 
rates of 83 and 80 per cent for the first-record cows in the 
Brahman and crossbred herds, respectively, are probably high- 
er than the general average for cows of similar age and breeding 
in Florida. The mean birth rates for second-record cows were 
considerably lower at 62 and 51 per cent for the two herds, re- 
spectively. These lowered birth rates in second-record cows are 
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not surprising in view of the findings of Reynolds (1960), War- 
nick et al. (1960) and Koger et al. (1962) which showed that 
lactating cows of Brahman breeding had significantly lower con- 
ception rates than nonlactating cows of similar breeding. Heri- 
tability estimates based on single records were 0.31 and 0.21, 
respectively, for first- and second-record Brahman cows. Corres- 
ponding estimates for the crossbred cows were 0.63 and 0.56. 

Table 65. — Numbers, Means and Heritability Estimates for Birth Rate 
Based on Paternal Half-sib Correlation of Lifetime Av- 
erages FOR Cows 



Number 

Daughters 

Records 

JlEAN 



OF 

per Sire 

PER Daughter 

Birth 


Herd 

Sires 

(average) 

(average) 

Rate 


Brahman 

45 

7.3 

5.0 

0.82 

0.39 

Crossbred 

23 

10,6 

3.9 

0.74 

0.39 


Sires significantly affected the birth rates of their daughters 
in both herds when lifetime averages were used. Heritability 
estimates by paternal half-sib correlation methods are shown in 
Table 65 and were 0.39 for both herds. The average number of 
daughters per sire and average number of records per daugh- 
ter differed some in the two herds but these differences were 
not great. The numbers were considered to be adequate for re- 
liable estimates in both herds. 


Table CG. Numbers and Heritability Estimates for Birth Rate Based 

ON DAVCMTER-OXM OV LSFSmME AVT3U.CES 



Number 

Records per 

Records per 



or 

Davchter 

Dam 


Herd 

Pairs 

(A>*ERACE) 

(AYOLKCE) 


Br.nhman 

194 

40 

8.7 

0.54 

Cro«sbrcd 

245 

3.9 

8.0 
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methods are fairly large but are not unusual. These differences 
could be due to sampling error or to inability to remove certain 
environmental effects in some of the analyses. It seems reason- 
able to assume that single records gave the most reliable esti- 
mates because of the elimination of known environmental in- 
fluences such as age and lactation status. 

All estimates of heritability in this study were considerably 
higher than those reported previously for traits related to fer- 
tility in beef cows. This may be due partially to population dif- 
ferences as well as differences in methods of analyzing the data. 
The low estimates of heritability reported by Lindley et al, 
(1958) and Brown et al. (1954) for reproductive traits were 
based on cattle of European origin. The extremely wide differ- 
ences in the histories of European and Zebu cattle have probably 
resulted in stronger selection pressui'e for high reproduction in 
the European breeds through natural forces and management 
practices. Any practice, natural or man-made, which would tend 
to reduce variation, would likewise reduce heritability. On the 
other hand, the generally low levels of nutrition in Florida have 
resulted in natural stresses working against high reproduction. 
Other factors such as lactation stress and restricted breeding 
seasons may be involved. 

The results from this study suggest that in unfavorable en- 
vironments where the mean reproduction rate is suboptimal, 
heritability for this trait is high enough in many populations 
that significant genetic progress can be made through selection 
and culling procedures. 


Conclusions 

Even though estimates of heritability of reproductive traits 
from different locations and by different methods assume a wide 
range of values, there are strong indications that traits such as 
calving and weaning rates are heritable. In herds which are be- 
low average in reproductive efficiency, selection of replacement 
animals from regularly producing cows and culling cows which 
fail to reproduce every year will likely result in significant prog- 
ress when other management practices are adequate. 
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M. KOGER 


Selection and Culling in Florida 


Most published reports show that the heritability of reproduc- 
tive performance is extremely low. This simply means that prog- 
ress would be very slow in herds where reproduction is good. 
However, in herds where average reproduction is low, such as is 
evident in Florida, heritability can be high enough to show great 
progress in this trait when effective selection is practiced. It 
has been shown in both experimental and commercial herds in 
Florida that culling for reproductive failure can dramatically 
change the average reproductive performance of a herd. 

The principal achievements realized through culling cows for 
reproductive failure include the following: 

1. It maintains selection pressure for improvement in genetic 
potential for high reproductive efficiency. 

2. It puts a positive control of removing infertile females. 
Such animals are expensive to maintain and contribute nothing 
to economic returns. 

3. Cows with the tendency for alternate year breeding are 
removed. Females with this tendency are common in Florida 
cattle populations. 

4. Animals are removed which fail to reproduce because they 
are unthrifty or poorly adapted to the area. 

5. Culling cows for reproductive failure is an extremely ef- 
fective procedure in helping control venereal diseases and possi- 
bly numerous undetected low grade infections. 

6. With the prices usually prevailing in Florida, it is to the 
immediate, as well as to the long term, advantage of the rancher 
to sell nonpregnant cows and replace them with heifers. A non- 
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pregnant cow will generally sell for more than the cosst of a 
replacement heifer. More beef and greater economic returns can 
be realized through culling nonpregnant cows, even if reproduc- 
tive efficiency were not improved (Table 71) . 

The most effective procedure for most ranch operations in 
culling cows for reproductive failure is to breed cows in a re- 

Table 67. — Improvement in Reproduction under Culling at the Beef 
Research Unit 


PER Cent 

PREGNANT 


Weaning Weight 
IN Pounds 


1953 

44 

1954 

55 

1955 

82 

1956 

86 

1957 

88 

1958 

88 

1959 

92 

1960 to 1964 

94 


350 

415 

432 

428 

431 

422 

406 

508 


stricted season (there is no apparent advantage in a season of 
more than 75 to 90 days with good reproductive efficiency being 
obtained in many herds with breeding seasons as short as 45 to 
60 days), palpate for pregnancy at weaning, and remove all non- 
pregnant cows. Depending upon pregnancy rate at the initiation 
of the culling program, it may be necessary to give the better 
cows a second chance until pregnancy rate is increased to the 
point where all nonpregnant cows can be culled. The major ad- 
vantages of culling during the fall on the basis of palpation are: 

1. It avoids the cost of wintering cows which are nonpregnant. 

2. The number of replacement heifers needed to replace open 
cows is known before yearling heifers are sold. 

3. Packer buyers will pay a premium for cows palpated and 
known to be open. This increase in sale price frequently is enough 
to pay for all or most of the costs for palpating the cows. 

An alternative system is to cull all cows which fail to freshen 
during the calving season. This method has the advantage of 
giving nonpregnant cows an opportunity to gain weight, and 
cows sometimes sell for a higher price during the spring than 
during the fall. These advantages generally are outweighed by 
tho.se listed above for pn]pntinK cows in the fail, however. 

Some examples of the physical response to culling open cows 
are shown in Tables G7, 08, 69, and 70. Unfortunately, the com- 
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parisons are confounded with time and management practices 
and do not permit contemporary comparison of herds which were 
culled and those which were not. The weight data sho\vn in Ta- 
bles 67 and 68 clearly indicate, however, that the improvement 
in reproduction which occurred after the policy of culling non- 
pregnant cows was initiated could not be explained on the basis 


Table 68. — Pregnancy Rate in Station Herd Before (1951-1959) and 
After (1960-1964) Establishing the Policy of Culling Non- 
pregnant Femai^s 


Group 

Pregnancy Per Cent 

Weaning Weight 

1951-1959 

1960-1964 

1951-1959 

1960-1964 

Angus (A) 

76 

92 

323 

333 

Brahman (B) 

50 

78 

330 


A V n 

73 

93 

422 

358 

Average 

66 

88 

358 

350 


of the nutritional status of the herd. In Table 67, most of the 
improvement in reproduction occurred before weaning weights 
increased. In Table 68, weaning weights before the policy of 
culling open cows was established were slightly better than aft- 
erward. . . 

While the evidence shown in the tables for improvement in 

Table 09.— Improvement in Reproouction in Institutional Hero Culled 
FOR Reproductive Failure 

Per Cest Pbecsan't 

32 
53 
53 
71 
C7 


Year 


1958 

1959 

1960 

1961 

1962 

1963 
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Tabu: 70. — Pregnancy Rate in Privately Owned commercial Cows in 
North Florida* 


Year 

Pregnancy Per Cent 

1956 

64 

1957 

73 

1958 

92 


No cuUinK had b<^n practiced prior to 1956. Thus, pregnancy rate in 1963 
represents that for uncullcd herd. In 1956, part of the nonprofmant cows 
were culled and in 1957 all nonprcpiant cows were culled. (From Florida 
Airrietillural Experiment Station unpublished data by Dr. A. C. IV’nrniekl. 


Taru: 7i.--EsTi.MATrD Errccr or Culling No.^precnant cows o.v RErr 
Production and Economic Returns When Reproduction 
Rate Remains Co.vstant* 


Culling Policy 

^ Culling Nonpregnant Cows Culled 


Aite Distribution 


Calves 


99 

Yearllnirt 


97 

2 yp. 


95 

3 


93 

4 


91 

5 


89 

C 


87 

7 


86 

8 


84 

9 


82 

10 


81 

M 


79 

Anifrjils Sold 

No. 

Wc (Ibi.) 

S'.«Tr ealvrt 

274 

U7,.h:o 

H»}fer rahr* 

J76 

70.490 

Open eowf 

0 

__ 

0! 1 eoiri 

79 

71.100 

Total 

579 

259;s?o 


:’07 

202 

19S 

14C 

107 

79 

68 

43 

31 

23 


Value D) 

No. 

Wl. (11,,.) 

Value (1 

23^,04 

245 

105.350 

21.07'o" 

11.96*? 

3R 

15.200 

2.584 

- 

175 

lCfi.250 

21.938 

6.532 

12 

10.800 

14196 

<4,064 

470 

297.POO 

49.8‘’H 
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productive efficiency can be improved where it is low. Reproduc- 
tion in Florida beef cattle is the lowest of any state in the Union. 
Its improvement would contribute more to increased economy of 
production than any other single item. It goes without saying 
that a satisfactory nutritional program is essential for a high 
level of reproduction. There are numerous cows in Florida, how- 
ever, that will not reproduce regularly on any nutritional level. 
Culling cows for reproductive failure is essential if Florida is 
to correct low reproductive efficiency in any reasonable period of 
time. As shown in Table 71, there is a distinct economic ad- 
vantage in culling open cows, even if the practice did not im- 
prove pregnancy rate. More important, however, is the improved 
reproductive efficiency that invariably occurs when cows are 
culled for reproductive failure. 
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W. L REYNOLDS 


Breeds and Reproduction 


A factor of primary importance in a beef cattle operation is 
the reproductive rate which is reflected in the number of calves 
weaned and the pounds of calf weaned per cow placed in the 
breeding herd. The pounds of calf weaned per animal unit ex- 
posed depends upon the reproductive rate, survival rate, and age 
and growth rate of calf. Calves uniform in age, weight, and 
grade demand a higher price per pound when sold on the mar- 
ket. Cows becoming pregnant in a short breeding season have a 
shorter calving season and produce calves of a uniform age and 
weight. Calves are marketed at a heavier weight since they 


Table 72. — Reproduction Rates Reported in Nationwide Survey 


Breed 

Cows WITH 

Live Calves (%) 

Cows WITH 

Weaned Calves (9^) 

Angus 

87 

63 

Hereford 

83 

70 

Polled Hereford 

76 

59 

All breeds 

80 

63 


Source: Ensminger et al. (1955) 


are older when removed from the cow. Differences in calving 
and weaning percentages of different breeds of beef cattle of 
European origin were found in a survey by Ensminger et al. 
(1955). Differences in calving and weaning percentages which 
represent death loss of calves were high (Table 72). Wiltbank 
(1957) showed that Angus and Hereford cows had higher preg- 
nancy rates than Shorthorn cows in Virginia (Table 73) . 
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A survey by Kincaid (1957) compared the reproductive rate 
of over 11,000 cows in breeding herds at the Agricultural Ex- 
periment Stations in the Southeastern United States and showed 
a 79 per cent calving rate for cows of European breed origin 
and a 78 per cent calving rate for cows of Zebu or Zebu-Euro- 


Table 73, — PmcNANcy Bate jn Bbiiish Bbezds at U.S.D.A. Fbont Royal, 
ViKGiKIA (1956-1957) 


Breed 

No. Cows 

Pregnant (%) 

Angus 

334 

89 

Hereford 

276 

87 

Shorthorn 

340 

82 


Source: Wiltbank (1957) 


pean breed origin (Table 74). Some variation was noted in calv- 
ing per cent within the classes. Most studies show that cows of 
European breeding have higher reproductive rates than cattle of 
Zebu origin. Crossbreds between the European breeds have 
slightly higher pregnancy rates than cither of the two breeds 
involved (Table 76). Less very early embryonic loss of the fetus 
occurs for crossbred than for straightbred fetuses. Higher preg- 
nancy rates were generally obtained for first cro.ss European- 
Zebu females than for cither of the parent breeds. The pregnan- 
cy rate of breeds of cows derivecl from Zebu-European origin 

Table 7J. — Reproduction Performance or Beep Cows at Ale Eipesimest 
Stations in Southeastern United States 


Breed 

No. 

FEMALES 

COH'S 

a^LviNc (Tej 

Cows 

» WEINEDCALTES 

British 

Angus 

2,314 

80 

74 

Hereford 

4.?15 

80 

7* 

Shorthorn 

225 

75 


British x British 


80 

7d 

Total British 

? *51 

7? 

77 

Zebu: 

Purebred Brabni*: 

4J? 

.i? 


Brargus 

{=13 

7v 


Santa Gertrud:* 

id. 


. d 

Afrif. X Arg-us 


7:’ 

7d 

Bra^r-ar. 

3.4fT 

77 

7d 

Total Ztdu 

liiT 




S-vrctf ilSTT* 
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than any other breeds (Tables 77 and 78) . Herefords and Short- 
horn have been somewhat intermediate and erratic in the age 
at puberty. Crossbreds of European origin reach puberty at a 
younger age than the average age at puberty of the two parent 
breeds involved in the cross, showing this trait is heterotic in 


Table 77. — Ace akd Weight at Puberty op Straightbred and Crossbred 
Heifers at Fort Robinson Beep Cattle Research Station, 
Crawford, Nebraska 1960-61. 


Breed i 

Ace at 

puberty (days) 

Weight at 
puberty (lbs.) 

Straightbred 

Angus 

394 

518 

Hereford 

464 

594 

Shorthorn 

411 

500 

Avg. for straightbreds 

423 

538 

First Grosses 

Angus X Hereford 

382 

524 

Hereford x Angus 

403 

567 

Angus X Shorthorn 

372 

618 

Shorthorn x Angus 

360 

500 

Hereford x Shorthorn 

367 

542 

Shorthorn x Hereford 

378 

505 

Avg. for First Crosses 

377 

526 


Table 78. Age at Puberty op Crossbred and Straightbred Heifers at 

Louisiana State University, Baton Rouge, Louisiana 


Breed 

Number 

Average ace 

AT FIRST HEAT (DAYS) 

Straightbreds 

Angus 

12 


Brahman 

10 

538 

Brangrus 

12 

505 

Hereford 

19 


Single Crosses 

British x British 

20 

373 

British x Zebu 

34 


Brahman x Brangus 

3 

482 

Charolais x British 

11 

406 

Charolais x Zebu 

5 

425 

Back-Crosses 

British — no Brahman 

37 

425 

*4 British, U Brahman 

36 

405 

Brahman, ^ British 

9 

532 

?; Charolais, U British 

29 

435 

Charolais. U Brahman 

11 

420 


Source: France and Enpland (1955) 
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nature. Brahman and breeds of European-Brahman origin were 
consistently later than the European breeds in reachine* puberty 
(Table 79). About 10 per cent of the Brahman and Bran^us 
heifers had not shown puberty by 27 months of age. First cross 
Zebu-European breed heifers have a faster growth rate which 
may partially account for the younger age at puberty in cross- 
bred heifers. The differences in age at puberty also occur in 
heifers placed on a high nutritional plane. A recent study at the 
Iberia Livestock Experimental Station showed a higher percent- 


Table 79, — Ace and 'Weight at Puberty op Straicutbred and Crossbred 
Beep Cattle at the Iberia Livestock Experiment Station, 
Jeanerette, Louisiana. 


Item 

No. 

Ace at 
Puberty 
(Days) 

Avc. 

Months 

■Weight at 
Puberty 
(LBS.) 

Angus 

26 

433 

14.4 

536 

Brahman 

12 

816 

27.2 

706 

Brahman X Angus 

29 

460 

36.3 

666 

Brangus 

102 

531 

17.7 

639 

Afric-Angus 

35 

542 

18.1 

623 

Source: Reynolds (1963a). 


Table 80. — Percentage of Zebu-European Crossbred Heifers Showing 
Heat in a 168-dav Feeding period at the Iberia Livestock 
Experiment Station, Jeanerette, Louisiana (19G1-1963) 


Breed op sire 

Breed or dam 

No. 

Showing heat (%) 

Angus 

Zebu Cross 



Brahman 

Zebu Cross 

28 


Sindhi 

Zebu Cross 

17 

17 


Table 81.— Reproductive Pebpormance of Angus, Brahman, and Brah- 
man X Angus First Cross Heifers Exposed at Two Years of 
Age at the Iberia Livestock Experiment Station, Jeaner- 
ETTE, Louisiana (1965) 


Breed 

No. 

Exposed 

No. IN 
Heat 

In 

Heat (%) 

Per Cent 
Pregnant 

Angus 

14 

14 



Brahman 

14 

0 



Brahman x Angus or 
Angus X Brahman F 

1 16 

16 

100 

69 
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age of crossbred calves sired by Angus bulls reached puberty 
at a younger age than crossbred calves sired by Brahman or 
Sindhi bulls (Zebu type cattle imported from India) when placed 
on full feed for 168 days after weaning (Table 80). The age at 
puberty can have an extremely important effect on reproductive 
rate where heifers are bred at two years of age to calve at 
three years of age in a 75-day breeding season as shown in 
Table 81. 


The effect of weight on the subsequent reproductive 

PERFORMANCE OF TWO-YEAR-OLD HEIFERS 

A difference in the effect of growth rate on the subsequent 
pregnancy rate for heifers of Africander- Angus and Brangus 
breeding at two years of age has been. shown. The calves heavier 


Table 82. Effect of Weaning Weight on Subsequent Reproductive 

Performance of Heifers at the Iberia Livestock Experiment 
Station, Jeanerette, Louisiana 


Weaning Weight 

Class 

Afbic-Ancus 
Calving (%) 

Brangus 
Calving (9^>) 

Under S50 lb. 

78 

60 

850-399 

73 


400-449 

80 


450-499 

91 


500-599 

100 


Source: Reynolds et ah , (1963b). 


at weaning had higher subsequent calving percentages at three 
years of age than calves in the lighter weight categories (Table 
82) The weight at two years of age also influenced the subse- 
quent reproductive rate (Table 83). Generally as weight in- 
creased calving rate increased proportionately. Inherent growth 
rate has an important bearing on subsequent reproductive per- 
formance. 


Lactation status 

Nursing of a calf has a different effect on the reproductive 
rate of Brahman cows than on cows of the Eurojwan breeds. 
Nonlactating cows of Zebu breeding generally have higher rep:^ 
ductive rates than lactating cows. Among the European breeds. 
COW.S nursing calves have higher calving percentages thum non- 
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Table 83. Effect of Weight at Two Years of Age on Subsequent Ee- 

pRODUCTiVE Performance of Heifers at the Iberia Livestock 
Experiment Station, Jeanerette, Louisiana 


Weight 

Class 


Apbic-Angus 
Calving (%) 



Brangus 
CALVING (%) 

Less than 550 lb. 






50 

650-599 


43 



70 

600-699 


73 



78 

700-799 


88 



81 

800-899 


94 



75 

Source: Eeynolds, oZ., (1963b). 




Table 84.— Conception Rate by Breed of Dam within Lactation Status 

AT Louisiana State University, 

Baton Rouge, Louisiana 


Nonlactating Cows 


Lactating Cows 


No. 

Conception 


No. 

Conception 

Breed op Dam 

Cows 

Rate (%) 


cows 

Rate (%) 

Angus 

103 

54.4 


251 

C2.2 

Brahman 

95 

76.8 


246 

59.8 

Brangus 

80 

62.5 


223 

70.0 

Hereford 

112 

49.1 


216 

6U 

British X Brahman 

107 

53.5 


862 

84.2 

British X British 

33 

50.4 


106 

76.3 

Source: England et al ., 1963. 





Table 85.— Effect of Lactation Status, Ace at Breeding on the Preg- 

nancy 

Rate at the Iberu Livestock Experiment Station, 

Jeanebette, Louisiana (1960-62) 






Ace at Breeding 

(%) 


2 Yrs. 3 

Yrs. 


4 Yrs. and Older 

Angus 






Nonlactating 

78 


50 


50 

Lactating 

— 


80 



Afticander-Angus 






Nonlactating 

85 


74 


100* 

Lactating 

— 


83 



Brangus 






Nonlactating 

72 


65 



Lactating 



50 



Brahman 






Nonlactating 

57 


90 



Lactating 

*- 


50 


76 


'Small numbers 
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lactating cows (Tables 84 and 85). The magnitude of differences 
in calving percentages of nonlaetating cows and cows nursing a 
calf of European breeding show al! nonlaetating cows not preg- 
nant should be culled from the herd. Lactation e.xerts a more 
adverse effect on the reproductive performance of .voung cows 
than older cows. The greate.st reduction in pregnancy rate due 
to lactation occurs in the three-year-old cow. Pregnancy records 
of Brahman and Brangus cows kept in Louisiana (Table 83) 
show the same pregnancy rale for lactating and dr>' cows older 
than 4 years of ago. 

Interval from calving to first heat 

There are differences between breeds in the number of days 
required from calving to the first subsequent heat perioil. The 
average interval from calving to first heat at the Iberia Live- 
stock Station for Angus was C3 days, for Brahman 79. Bran- 
gus 74. and Africander-Angus 80 da.vs. These data indicate a IC- 
day difference betu een the Angus and the Brahman. 

Jlore Brahman and Zebu-cross cows are open at the end of 
the breeding season because of hack of heat than for any other 
reason. Most Angus cows in average condition show heat iluring 
the breeding jieriod. Cows of all breiais will not show he.at if 
they are in thin flc.sh. 

Pregnancy rate per .«fj'.vice 
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TABLE 86.— PREGNANCY RATE AT EACH SERVICE FOR COWS AT THE IBERIA 
Livestock Experiment Station, Jeanebette, Louisiana (1960- 
63) 


Breed Group 

1ST 

Service (55») 

2nd 

Service (%) 

3rd or 4th 
Service (%) 

Angus 

60 

53 

18 

Africander-Angus 

69 

68 


Brahman 

49 

41 

45 

Brangus 

53 

49 

40 

Brahman x Angus F; 

t 78 

72 

25 


season. Sixty per cent of the Angus, Africander-Angus, and 
Brahman x Angus first cross cows which settled became preg- 
nant in the first 21 days of the season (Table 87) . Less than 50 
per cent of the Brahman and Brangus cows becoming pregnant 
did so in the first 21 days. Calves born early in the calving sea- 
son have considerably greater monetary value per head than 
late calves even where the same growth rate is present. Where 
all calves are weaned on the same date, a calf gaining at 1.5 
pounds per day is 90 pounds heavier than a calf with the same 
rate of gain but 60 days younger in age at weaning. A low sub- 
sequent pregnancy rate the following year for young cows be- 
coming pregnant in the final 33 days of the breeding season is a 
common occurrence. The stress of Jactation and insufficient sup- 
ply of available nutrients are causes of this condition. Most of 
the non-pregnancies occur because of lack of estrus in the three 
and four-year-old lactating cows. 

Table 88 shows breeds of cows which were similar for preg- 


Table 87. — Distribution of Pregnancies by Periods in a 76-day Breeding 
Season at the Iberia Livectock Experiment Station, Jean- 
erette, Louisiana (1900-63) 


Breed i 

Preg. in 
D-21 DAYS 
(%) 

Preg. in 
21-42 DAYS 
(%> 

Preg. in 
43-63 DAYS 

m 

PREa IN 
63-75 DAYS 
(%) 

Angus 

04 

28 


1 

Brahman 

38 

22 

28 

12 

Brangus 

49 

29 

8 

4 

Africander-Angus 

61 

21 


3 

Brahman x Angus F, 

70 

18 

10 

2 

Avg. ^ Preg. per period 

55 

25 

10 

4 
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nancy and other performance traits grouped into two classifica- 
tions. Angus and Africander-Angus cows comprise Group I while 
Brahman and Brangus cows comprise Group II, The effect of 
age, breed, and time of pregnancy on pregnancy rate the follow- 
ing year are shown. The chances of pregnancy were lower the 
following year for young cows becoming pregnant late in the 
breeding season. This applies to both breed groups. Adequate 
reproductive rates are shown for mature cows of all breeds 
where cows conceived in the first 42 days of the breeding sea- 
son. 

Table 88. — Effect of Time op PRECNANcy on the Subsequent Pbecnancv 
Rate the Following Year at the Iberia Livestock Exteri* 
MENT Station, Jeanerette, Louisiana 19G0-1963 

Time of Pregnancy 



1st 42 

DAYS 

Final 33 days 

Breed Group 

No. 

Exposed 

Pregnant 

(%) 

No. 

Exposed 

Pregnant 

(f'c) 

3 & 4 years of age 

Angus & AfriC'Angus 

05 

85 

18 

33 

Brahman & Brangus 

80 

74 

39 

43 

Total 

145 

79 

57 

40 

5 years or more of age 

Angus & Afric-Angus 

ICC 

88 

21 

11 

Brahman & Brangus 

ICO 

87 

57 

CS 

Total 

326 

87 

78 

69 


It is imperative that two-ycar-oId heifers become pregnant in 
a short period of time to allow ample time from calving to first 
beat for the lactating Ibree-ycar-oUl heifer. A profitable praetlee 
to overcome the longer interval from calving to first heat in 
first-calf heifers would be to provide two-ycar-old heifers v/ith 
excellent pa.slure and expo.'jc them to bulls about 20 to 30 days 
before the regular breeding season begins. Also, bulls should be 
rcmovwl about 20 to 30 days before the breeding season end^. 
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Table 91.— Effect of Breed op Sibe on the Peegnancy Rate op Cows of 
Different Breeds at the Iberia Livestock Experiment Sta- 
WON, Jeanerette, Louisiana 


Breed of Dam 


Breed of Bull 


Angus 

Brahman 

Afbic-Ang. 

Brangus 

Angus 

Calving 

(%) 

89 

Calvtng 

(%) 

79 

Calving 

(%) 

Calving 

Brahman 

70 

70 


, 

Africander-Angus 

88 

70 

90 



Brangus 

73 

65 


76 


Source: Reynolds et al., 1965a. 


cows with Angus and Brahman bulis were marked with grease 
paint pigment mixtures when bulls were painted and cows ob- 
served for heat daily. Cows exposed to Brahman bulls, however, 
had lower conception rates per service than cows exposed to An- 
gus bulls. Brahman bulls thus mount but either fail to ejaculate 
or supply semen of lower quality. Site of deposition of semen may 
also be a factor involved. Restricting the size of mixed breeding 
herds to allow fewer cows per bull or placing bulls with only 


Table 92. — Percentage of Two-year-old Heifers Requiring Arsistance 

AT CALVING AT THE IBEKIA LIVESTOCK EXPERIMENT STATION. 
Jeanerette, Louisiana (1965) 




Breed of Bull 



Angus 


BJUH.MAN 



Assistance 


ASSISTANCE 

Breed op Dam 

No. 

Required ( % ) 

No. 

Required {%) 

Angus 

7 

28 

9 

78 

Brahman x Angus F» 

9 


11 

27 


one breed of cow may have merit in eliminating the preferential 
mating of the Brahman. Frequent changing of bulls in the breed- 
ing herd has also been suggested. Considerable attention needs to 
be devoted to selection of vigorous bulls with high levels of fer- 
tility. 

The breed of sire has effect on calving difficulties as shown in 
Table 92. Yearling heifers of Angus and Brahman x Angus first 
cross breeding have been bred to Angus and Brahman bulls. Sev- 
enty-eight per cent of the Angus heifers bred to Brahman bulls 
required assistance at calving compared to twenty-eight per cent 
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of the Angus heifers bred to Angus bulls. Level of nutrition had 
very little effect on the incidence of calving difficulties in either 
breed group (Table 92). Breed of sire had little effect on per- 
centage of crossbred heifers requiring assistance. Wiltbank 
(1964) has shown that higher percentages of calves from some 


Table 93.— Gestation Length by Different Breeds op Cows Mated to 
Angus and Brahman Bulls at the Iberia Livestock Experi- 
ment Station, Jeanerette, Louisiana 


Breed of Dam 



Breed of Sire 


Angus 

Brahman 

Afric.-Ang. 

OR Brangus 

No. 

Days 

No. 

Days 

No. 

Days 

Angus 

68 

280 

24 

287 



Brahman 

25 

284 

45 

291 



Afric-Angus 

26 

282 

15 

290 

60 

288 

Brangus 

22 

283 

24 

292 

106 

286 


Source; Reynolds et al, 1965a. 


bulls require assistance at calving than from other bulls. Bulls 
either small at birth themselves or which have a history of 
siring small calves at birth should be used on first exposure 
heifers. Brahman cows are practically free of calving difficulties 
since very few Brahman or European-Brahman crossbred calves 
require assistance at calving. 

Effect of gestation length and birth weight of calves 

There are considerable differences in the gestation length of 
cows of different breeds. The gestation length of Angus, Brah- 
man, Africander-Angua, and Brangus cows has been found to be 
280, 291, 288, and 286 days respectively (Table 93). Breed of 

Table 94.— Effect of Breed of Dam and Breed of Sire on Birth Weight 
OF Calves at the Iberia Livestock Experiment Station, 
Jeanebette, Louisiana 


Breed of Sire 

Breed of Dam Angus Brahman Afric.-Ang. or Brangus 


Angus 

58 

72 

Brahman 

61 

58 

Africander-Angus 

61 

77 

Brangus 

59 

72 


Source: Reynolds et al., 19G5b. 
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sire influences both gestation length and birth weight. Angus 
cows bred to Brahman bulls have a longer gestation length by- 
seven days than Angus cows mated to Angus bulls. Brahman 
calves and Angus calves were lighter weight at birth than cross- 
bred calves (Table 94). Breed of sire also influences the birth 


Table 95. — Influence of Percentage op Brahman Breeding in Calves 
ON Birth Weight at the Range Cattle Experiment Station, 
Ona, Florida 


Brahman in Calf (9c) 

Birth Weight 

Dev. from mean (lbs.) 

50.0 

68.0 

3.2 

62.5 

67.9 

2.1 

75.0 

68.4 

1.9 

87.5 

63.2 

-3.9 

Grade 

64.8 

-0.7 


Source: Reynolds (1960) 


weight of calves. Calves born to cows bred to Brahman bulls 
are consistently larger at birth than calves bom to cows bred to 
Angus bulls. The increased birth weight of crossbred calves was 
probably due to the increased gestation length. For each day in- 
crease in gestation length calves increased 0.65 lb. in birth 
weight. Vigorous calves medium in size at birth are more desira- 
ble than large calves because of calving difficulties. Information 
from Florida would indicate the size of the crossbred calf born 
is directly proportional to the percentage of Brahman breeding 
of the fetus (Table 95). 

Survival rate of calves 

Most death losses occur in calves in the first week. Nearly all 
studies show an advantage in sunival rate of the cro.s.sbrcd 
over the straightbred calves (Table 96). The increased vigor of 
the crossbred calf at birth no doubt accounts for the higher 
survival rate (Table 97). At the Iberia Livestock Station (Ta- 
ble 98), the highest death loss amonir the straightbrcds have 
been the Brahman calvc.s. Causes of death have been weak 
calves, exposure to weather, lack of inclination or inability to 
nurse, large teats, and pneumonia. Shifting the calving .'cason 
from the cold winter months to the spring may reduce the death 
loss of calves. 
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Table 96.— Per Cent Calf Death Loss at the Range Cattle Station, 
Ona, Florida (1944-58) 


Breed group 

Death losses {%) 

Straightbred 


Brahman 


Shorthorn 

3.2 

Grade Shorthorn 

1.0 

Crossbred Calves 


Brahman x Shorthorn Fi 

1.3 

Brahman x Shorthorn Backcross 

1.3 

Others 

0.4 

Source: Reynolds (1960) 


Table 97. — Death Loss of Calves from Birth to Weaning at Everglades 

Experiment Station, Belle Glade, 

Florida (1956-59) 

Breed 

Death Loss (%) 

Straightbred Calves 


Angus 

7 

Brahman 

22 

Devon 

24 

Crossbred Calves 


Angrus X Brahman First Cross 

5 

Devon x Brahman First Cross 

18 

Angus X Brahman (Other Crosses) 

5 

Brahman x Devon (Other Crosses) 

9 

Source: Cunha et al., 1963 


Table 98. — Death Loss of Calves from Birth to Weaning at the Iberia 

Livestock Experiment Station, Jeanerette, Louisiana 

Breed of Calf 

Death Loss (%) 

Straightbred Calves 


Angus 

7.0 

Brahman 


Africander- Angus 

6.2 

Brangus 


Crossbred Calves 


Angus X Brahman 


Angus X Africander-Angus 

4.2 

Angus X Brangus 

2.3 

Brahman x Angus 


Brahman x Africander-Angus 


Brahman x Brangus 

6.2 


Source: Reynolds ft al., 19C5a 
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Summary 

These data show that differences in reproductive rates of 
breeds have been noted. Generally speaking, cattle of European 
breeds have higher reproductive rates than Zebu cattle. Most 
studies, however, have shown the European-Zebu crosses to be 
higher than the straightbred European breeds in reproductive 
performance in the Southeastern portion of the United States. 
The reproductive rate of matings of Zebu-European crossbreds 
to Zebu-European crossbreds have been consistently lower than 
matings of Zebu-European crossbreds to a straightbred parent. 
The influence of age at puberty, size at weaning and at two 
years of age, lactation status, interval from calving to first heat, 
pregnancy rate per service, the effect of time of pregnancy on 
subsequent reproductive performance, breed of sire, calving dif- 
ficulties, calf survival rate, gestation length, and birth weight 
on reproductive performance have been discussed. Most Brah- 
man and Zebu-cross cows are nonpregnant at the end of the 
breeding season because of lack of estrus. Most Angus cows 
show estrus during the breeding season. Improving the overall 
nutritional level of cows will cause larger numbers of cows to 
show estrus and improve the conception rate at each service. 
Culling of open cows will improve the reproductive rate of cows 
of the European breeds and all cows over 4 years of age at 
breeding. Culling of unthrifty calves at weaning and heifers at 
two years of age will also improve the reproductive rates. 
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A. C. WARNICK 


Reproduction of Brahmans in Florida 


Since the selection of Brahman cattle for productive beef traits 
including reproduction has been practiced for only a short time 
compared to the European breeds, it is not surprising that there 
may be differences in reproductive behavior. It is not the pur- 
pose of this report to compare the European and Brahman cattle 
in reproductive traits, but to give the results of a two-year 
study of reproduction in four cooperators’ herds in Florida and 
in Brahman heifers maintained at the Physiology Unit at Gaines- 
ville, Florida. 


Age at Puberty 

The age at puberty or first heat is important since all females 
should be showing estrus and ovulating when the breeding sea- 
son begins in order to have an early and vvniforTcv ealving periodv 
There is also the possibility that occurrence of puberty at a 
young age may enhance reproduction, as occurs in swine (War- 
nick ci ah, 1951) . The ovaries of yearling Brahman heifers were 
palpated at monthly intervals on three ranches to determine 
the time of first corpus luteum, which is an index of first heat 
or puberty. There is some error in detecting the corpus luteum, 
depending on stage of the cycle, yet monthly palpation is the 
most efficient way to obtain data on large numbers at different 
locations. The average age at puberty (first corpus luteum) was 
19.8 months (Table 99) with a range of 14 to 26 months (Plasse, 
ct al., 1965A). In one herd there was a —.46 correlation be- 
tween 205-day weight and age at first corpus luteum, indicating 
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Table 99. — Ace at Puberty* in Brahman Heifers 


Ranch 

No. OF 
FEMALES 

Avg. 

Months 

Range in 
Months 

Correlation 
205 DAY WT. 
AND AGE AT 
puberty 

A 

41 

19.4 

16-26 

-.46 

B 

33 

18.9 

14-24 

C 

9 

21.3 

21-33 


Total 

83 

19.8 

14-26 



*Time of first corpus luteum on ovary detected by monthly palpation. 


the heavier, growthier heifers began estrus at a younger age. 
It was observed that more heifers had their first corpus luteum 
in the spring following their second winter. Also, it is possible 
that the presence of the bull at the beginning of the breeding 
season stimulated the presence of the corpus luteum. 


Estrus and Ovulation in Brahman Heifers 

A group of 53 two-year-old heifers was checked for estrus 
and ovulation for one year by using vasectomized bulls painted 
on the brisket to detect estrus, and palpation of the ovaries at 
weekly intervals to detect the corpus luteum (Plasse, et aL, 
1965B). The percentage of all heat periods unaccompanied by 
ovulation was 5.9, with a higher percentage occurring in the 
summer season (Table 100). Also. 26.3 per cent of the ovulations 
were not accompanied by estrus, with the highest number occur- 

Table 100. Effect of Season on Estrus anp Ovulation in 53 Brahman 

Heifers 


Summer Season Winter Season 

3/20/62 TO 9/19/62 9/20/62 TO 3/19/63 


Criteria 

No. 

r. 

No. 


Estrus 

343 

53.2 

302 

46.8 

Ovulation 

400 

4S.6 

423 

51.4 

No. estrus without . 

ONTilatlon* 

29 

76.3 

y 

2y.7 

No. ox-ulation without 

estrus* 

87 

40.3 

129 

59 7 


•Differences between two seasons are statistically ai^L.cant. 
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Table 101. — Length of Estrous Cycle in Brahman Heifers 


No. 

Criteria Observations 

Average 

(days) 

Mode 

(DAYS) 

Range 

(DAYS) 

Length Estrous Cycle 

592 

27.6 

20 

6-256 

% cycles 14 to 28 days 

76 




'% cycles 17 to 23 days 

67 




% cycles under 17 days 

3 




% cycles over 23 days 

30 





ring in the winter season. This would suggest that cooler tem- 
peratures or other climatic factors in the winter season inhibit 
expression of estrus since the nutritional level was the same 
throughout the year. The bulls were continuously with the heif- 
ers, so it is unlikely that the failure was due to bull differences. 

The average length of the estrous cycle (interval between 
heat periods) for 592 observations in these heifers was 27.6 
days (Table 101) with the largest number of cycles being 20 
days. There was a large amount of variation with many inter- 
vals being grouped around 40 and 60 days, indicating ovulation 
was occurring on a 20-day cycle, but heat was not being de- 
tected by the bull. 

The length of heat and time of ovulation was studied in 35 
heifers during the four seasons of the year (Table 102). Heifers 
were checked at two-hour intervals with a bull to determine the 
beginning and length of heat. The criterion used was the stand- 
ing for mating of the bull. The average length of heat was 6.7 
hours with a range of 2 to 22 hours. There was no statistical 

Table 102. — Length of Estrus and Time of Ovulation at Different 
Seasons in Brahman Heifers 


Time ovulation in 


Season 

No. 

HEIFERS 

Length 

OF 

Estrus 

(hours) 

Range 

(hours) 

respect TO 

FROM 

BEGINNING 

(HOURS) 

ESTRUS 

FROM 

END 

(HOURS) 

Spring (May) 

10 

8.6 

2-22 

28.1 

19.5 

Summer (Sept.) 

10 

5.5 

2-12.5 

22.6 

17.2 

Fall (Nov.) 

5 

5.4 

4-6.5 

24.7 

19.2 

Winter (Jan.) 

10 

63 

2-16 

26.6 

19.9 

Overall total & 





"" 

average 

35 

6.7 

2-22 

25.6 

18.9 
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difrercncc in length of heat among the four seasons, although 
heat periods were slightly longer in the spring. The time of ovu- 
lation (rupture of the follicle) was determined by rectal palpa- 
tion of the ovaries at two-hour intervals beginning at the end of 
heat and eontinuing until detection of the ruptured follicle. The 
average interval from beginning of heat to ovulation was 25.6 
hours and from the end of heat was 18.9 hours. These intervals 
were not affected by seasons of the year. 

Fertilization and Embryo Survival Rate 

After estrus behavior had been studied for one year, the 
Brahman heifers were bred at three years of age to fertile 
Brahman bulls and one half killed three days postbreeding and 
one half killed 40 days postbreeding. This procedure gives an 
estimate of fertilization and embryonic survival rate. Twenty- 
four heifers slaughtered three days postbreeding had 66.7 per 
cent of the eggs fertilized as shown by cell division, although 
there was disintegration in some eggs (Table 103). In 20.8 per 
cent of the heifers no eggs were recovered, so it was not possi- 
ble to determine fertilization in all heifers. This failure of egg 
recovery may be due either to technique or an actual deficiency 
in the egg pick-up mechanism of the oviduct. There were 64 
per cent of the heifers with normal embryos at 40 days post- 
breeding, with 8 per cent having a resorbed or hemorrhagic 


Table 103. — ^Fertilization and Embrto Svrvwal Rate in Brahman 
Heifers 



No. HEIFERS 

Per Cent 

3 days postbreeding 

Fertilized egg 

16 

66.7 

Unfertilized egg and 
ruptured egg with sperm 

3 

12.5 

No egg recovered 

5 


Total 

24 

100.0 

40 days postbreeding 

Normal embryos 

Hemorrhagic and resorbed embryo 

16 

2 

64.0 

8.0 

Returned in estrus 



Total 

25 

100.0 
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embryo. Before 40 days 28 per cent returned in heat and were 
rebred. 

It would appear that early embryonic death was not a major 
factor in breeding performance of these Brahman heifers, since 
the percentage with fertilized eggs at three days and percentage 
with normal embryos at 40 days was similar. 

Gestation length and calving interval 

Data on the gestation length in Brahman cows is shown in 
Table 104. The gestation period of cows carrying male fetuses 
was 1.86 days longer than cows with female fetuses. Also, the 


Table 104, — Gestation Length in Brahman Cows 


No. Observations 

Average (days) 

Range (days) 

1,048 

292.8 

271-310 


Source; Plasse ef a/,, (1965C). 


sire of a calf significantly influenced the gestation length of the 
cow, varying from 286 to 297 days, based on 40 Brahman bulls 
studied. This would indicate the genetics of the fetus influence 
gestation length as well as the genetics of the dam. 

The calving interval which is measured as the number of days 
between birth dates of calves was studied from records of four 
Brahman herds (Table 105), The average calving interval for all 
cows was 410 days, while it was only 375 for those cows with 
only consecutive year calving (Plasse et al., 1965D). The aver- 
ages among the ranches varied from 400 to 424, with ranches 
having a shorter breeding season also having a shorter calving 
interval. The interval for cows calving after the breeding season 
began was 357 days, compared to 392 days for those calving be- 
fore breeding began, indicating some cows were coming into heat 
before the breeding season began. The calving interval was 23 
days longer for cows calving first at two or three years, com- 
pared to calving first at four or five years of age. 

The average interval from the beginning of the breeding sea- 
son to conception was studied in heifers and cows by subtracting 
a standard gestation length of 293 days from the calving dates 
(Table 106) . This interval was 45 days for cows which had calved 
at least one month before the breeding season began, compared 
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Taihj: 103.— Caiaino Intervals in Brahman Cows 


Criteria 


Calving intervals 

Average 

No. intervals (days) 


All intervals 

2,924 

410 

Only confccutivo years 

2,627 

375 

Ranch 

1 

773 

424 


671 

415 

3 

859 

400 

4 

1,635 

400 

Calving before breeding 

season began 

1.617 

392 

Calving after breeding 

season began 

910 

357 

Calving first at 2 & 3 

years of age 


421 

Calving first at 4 & 6 

years of age 


398 

Age at Calving (years) 

3 to 4 


398 

5 


432 

6 


420 

7 to 10 


391 

11 to 16 


398 


*Standard deviation 


to 64 days for heifers being bred for the first time. The deiay 
in heifers is possibly due to either delayed puberty or anestrous 
occurring in the late ■winter and early spring. 

The interval from parturition to conception was calculated for 
those cows calving after the breeding season began at four 
ranches (Table 107). There were highly significant differences 
among the ranches, with the shortest interval being 59 days 
and the longest 72 days. The average interval of 65 days com- 


Table 106. Interval From Beginning Breeding Season to Conception 




Average 

Standard 



interval 

deviatio.v 

Group 

Number 

(DAYS) 

(DAYS) 


1005 

64 

54.9 

Cows* 

1449 

45 



•Had calved at least one month before breeding season began. 
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pared closely with intervals to first estrus of 59 and 63 days in 
Angus and Hereford cows in Oregon (Warnick, 1955) . 

Summary 

The average age at puberty determined by the presence of a 
corpus luteum in Brahman heifers on three ranches was 20 
months, with a range from 14 to 26 months. The heavier heifers 
at 205 days of age had a corpus luteum earlier than the smaller 
heifers. 


Table 107. — Interval From Parturition to Conception 




Average 

Standard 



INTERVAL 

DEVIATION 

RANCH 

No. intervals 

(DAYS) 

(days) 

1 

114 

61 

30.7 

2 

132 

72 

37.2 

3 

285 

71 

42.6 

4 

380 

59 

36.9 

Combined 

911 

65 

38.6 


Approximately 26 per cent of the ovulations in 57 heifers 
were not accompanied by heat, with the greatest number occur- 
ring during the winter season from September to March. The av- 
erage length of the estrous cycle in 57 heifers during one year 
was 27.6 days, with the largest number of cycles being 20 days. 
The 27 day average is due to many cycles of approximately 40 
and 60 days, indicating ovulation was occurring without heat de- 
tection by the bulls. The average length of estrus was 6.7 hours 
with a range of 2 to 22 hours, in 35 heifers checked for estrus 
at two-hour intervals with a bull. The time of ovulation from 
the beginning and from the end of estrus was 25.6 and 18.9 
hours, respectively. 

The average per cent fertilization rate in 24 heifers bred and 
slaughtered three days postbreeding was 67 per cent, compared 
to 64 per cent with normal embryos at 40 days postbreeding in 
25 heifers. Thus, early embryonic death does not seem to be a 
major cause of lowered fertility in heifers bred to fertile bulls 
for the first time. Gestation length averaged 293 days with a 
range of 271 to 310 days. Cows with bull calves had a 1.86 day 
longer interval than those with heifer calves, while there were 
significant diiTerences due to sire of calf. 
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The average calving interval was 410 days for all cows com- 
pared to 376 days for cows with only consecutive year records. 
Cows calving after the breeding season began had a shorter 
calving interval than those calving before the breeding season 
began. Also, cows calving first at four and five years had shorter 
calving intervals than those calving first at two and three years 
of age. The interval from the beginning of breeding season until 
conception was 19 days shorter in cows that had calved one 
month before breeding, compared to heifers. The average inter- 
val from parturition to conception was 65 days for cows calving 
after the breeding season began. 

The large variability in various reproductive traits between 
ranches and between individual females would indicate that re- 
production rate can be increased by improved management and 
selection for a higher reproductive rate. 



AGE AND REPRODUCTION 271 

cent conception rate; three-year-old cows, 83 per cent; four- to 
nine-year-old cows averaged 88 per cent and ten-year and older 
cows had an 80 per cent conception rate. At the Brooksville 
Station, conception rate for two-year-olds was 85 per cent; for 
three-year-olds, 73 per cent; four- to nine-year-olds, 80 per cent, 
and for ten year and older cows, 74 per cent. Number of cows’ 
decline rapidly after ten years of age. This has been due to the 
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FIGURE 60. Age and breed interactini; on reproductive rate. 

culling of all cows over ten years of age during the past six 
years. Figure 60 shows the effect of breed and age on reproduc- 
tion. It shows that British and crossbred cows are fairly steady 
in reproduction from two to eight years of age, but the Brah- 
mans are very erratic in their breeding behavior. 

Age of Bulls 

Very little research is available on the effect of age of bulls 
on reproductive rate. Bowling and co-workers (1940) reported a 
gradual decrease in breeding efficiency of dairj' bulls after six 
years of age. Higher conception rate in young heifers was noted 
when they were bred to young bulls (two to four years old) 
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FIGURE 60. Age and breed interacting on reproductive rate. 

culling of all cows over ten years of age during the past six 
years. Figure 60 shows the effect of breed and age on reproduc- 
tion. It shows that British and crossbred cows are fairly steady 
in reproduction from two to eight years of age, but the Brah- 
mans are very erratic in their breeding behavior. 

Age of Buli^ 

Very little research is available on the effect of age of bulls 
on reproductive rate. Bowling and co-workers (1940) reported a 
gradual decrease in breeding efficiency of dairj' bulls after six 
years of age. Higher conception rate in young heifers was noted 
when they were bred to young bulls (two to four years old) 
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rather than older bulls. Hilder et al. (1944), studying dairy 
bulls, reported a distinctly higher number of services per con- 
ception when heifers were bred to bulls over five years of age 
than when bred to younger bulls. 

Baker and Quesenberry (1944) working with beef cattle, and 
McCullough and co-workers (1951), using data from dairy herds, 
reported no significant effect due to age of bulls. 

Summary 

Researchers studying reproductive performance of cattle 
have found that age has a significant effect on it. Most studies 
have reported that the most productive years are from five to 
ten years of age in cows and that breeding efficiency of bulls de- 
creases after six years of age. Reports also indicate that three- 
year-old cows have a low conception rate, probably due to stress 
of nursing their first calf, but at four years of age, the con- 
ception rate increases. A survey of two experimental herds in 
Florida shows that location (environment) and breed also have 
an effect on production rate. Brahman and British cattle perform 
differently with crossbreds being intermediate in their perform- 
ance rate. 

It is recommended that cattle producers pay close attention 
to the ages of their cattle in order to have a high level of re- 
productive performance. Ranchers should year brand and keep 
records on their cattle to more easily recognize and remove older 
and less productive cows. Preferential treatment should be given 
to young dams shortly before and during their second breeding 
season to help offset the accompanying stress of nursing their 
first calf. 
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L S. POPE 


at First Calving and Performance 


The large investment and high costs of feed and labor that go 
into a beef heifer before she calves the first time make it de- 
sirable to get her into production as soon ns she is physiologically 
ready. Normally, beef heifers come into first heat at about 12-14 
months of age, depending on breed, environmental conditions, 
and feed level. At 15 months, most ivelUfod beef heifers will 
be cycling regularly and thus can be bred to calve first as two- 
year-olds. The question is: Is this a desirable and profitable prac- 
tice, or should first calving be delayed until they attain more 
maturity? 

Obviously, in poorly managed herds, many heifers may be bred 
too early, and this is altogether undesirable. However, by de- 
laying first calving, w'e also delay returns and incroase the over- 
head costs per calf weaned during Iier productive life. Much 
disagreement exists among producers as to the efTccts of early 
calving on lifetime production, and few experiments have been 
undertaken to study this point. 

The growth and development of the heifer up to the time she 
is bred has an important bearing on the best age for first calv- 
ing. Many cattlemen hold that the size and development of the 
heifer are a better yardstick than age alone. Small. late, or un- 
developed heifers should be given an e.xtra period of growth to 
avoid serious trouble at first calving. When heifers are bre<J 
early (as yearlings, for example) they should be wintere<l v.ell 
to assure good skeletal gro\^*th. tVinter gajr.5 of 1.0 pound per 
day are desirable. Gains above this are largely soft ti^-ue a.nd 
fat. When heifers are roughed through the wintr-r so that they 
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make most of their gain off grass during the summer, they may 
lack size and development as two-year-olds to avoid serious 
trouble at calving. 

Early Kansas experiments clearly indicated the detrimental ef- 
fects of early breeding combined with low levels of wintering. 
At 5 years of age, cows wintered on roughage with no grain, 
and bred to drop their first calves as two-year-olds, had weaned 
calves averaging 348 pounds; cows handled in the same manner 
but bred to calve first as three-year-olds weaned calves that 
averaged 405 pounds. In this experiment, wintering heifers on 
roughage only, and calving first at two years of age, reduced 
the first calf crop by 30 per cent; about one-third of the cows 
became temporarily sterile. Some of this difficulty with non- 
breeders was avoided by feeding grain supplements during the 
winter months. 

Later Oregon experiments, however, showed that heifers 
which calved first as two-year-olds produced 0.7 more calves 
during the first fii/j years of life as compared to heifers calving 
first as three-year-olds. In this experiment, a low level of winter 
feeding was not as severe on the heifers, although at 4 years of 
age, cows that had calved first as two-year-olds averaged 100 
pounds less in body weight than cows of the same age that 
calved first as three-year-olds. Likewise, there were a smaller 
number of calves dropped in the early-calving group at three 
and four years of age. 

In some areas, commercial cattlemen attempt to reduce the 
heavy strain of lactation so that the heifer may continue to 
grow and rebreed by vealing the first calf or by early weaning. 
In purebred herds, the same thing can be accomplished by 
placing the calf on a nurse cow. Early-calving heifers, relieved 
of the strain of milk production, usually rebreed earlier than 
those nursing calves. 

Briefly, the disadvantages that often result from breeding 
heifers to calve first as two-year-olds are; 

1. A heavy death loss among the heifers and their calves is 
often experienced at calving time. A large percentage of early- 
calving heifers require assistance. In an Oklahoma experiment, 
28 out of 56 heifers calving at two years of age needed as- 
sistance. In another experiment with 237 heifers in a large com- 
mercial herd in the Texas Panhandle, an average of 60 per cent 
of the two-year-olds had to be assisted at calving, and eight 
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heifers and twenty-nine calves were lost. Together with this high 
death loss, there is always the danger of permanent injurj- 
(posterior paralysis, injury to the genital tract, etc.) which 
removes the heifer from production. Despite this, one commer- 
cial cattleman who operates on a large scale recently stated 
that although he lost as many as 12 to 15 per cent of the calves 
and 3 to 5 per cent of the heifers, .it was still more profitable 
to breed heifers as yearlings to calve first at two years of age. 

One large Oklahoma commercial herd practices calving heifers 
at 27 to 30 months of age, with good success. Special attention 
is given as the heifers approach calving by an e.\pcrienced 
herdsman, proper equipment, and a "calving pasture” adjacent 
to headquarters. Sufficient extra returns (over $70,000) in one 
year’s operation from early calving have made it distinctly prof- 
itable in this herd, versus waiting until replacements are three- 
year-olds. Bulls serving yearling heifers are carefully selected 
to avoid calving trouble as much as possible. 

A few experiments have been conducted on the influence of 
the birth weight, mature size, and breed of bull on the difficulty 
experienced by young heifers at calving time. The tests so far 
may not be the final answer, but there is evidence that within 
breed, the size, and type of the bull is one of the most important 
factors contributing to difficulty at calving time. Therefore, in 
commercial production it is recommended that yearling heifers 
be bred to a somewhat smaller, more refined type of bull than 
is used on older heifers or mature cow.s. In general. loss difficulty 
can be expected from the calves sire<I by Angus bulls. 

In this regard, it should be obvious that the age of the Lull H 
not a factor since the birth sveight an<I size of the calves he 
sires is genetic.ally the .same at any age. A young Lull, poten- 
tially the sire of big calves, svill cause more trouble than an 
older bull which inherently sire,s small calves. In selecting the 
bull to u.se on young heifers — type, not age. is the r-ore i,~i- 
portant con.sideration. Ilowes-er. if t.he Lull- are of t.i-- -.i.-e 
type, many prcHiucers select a soung Lull for us.- on t.’'e 
yearlinir heifers. 
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amount of nutrients removed from the body of the dam by the 
fully developed calf at birth is quite small. The newborn calf is 
nearly 3/4 water and contains no more protein, fat and mineral 
than 400-500 pounds of milk. Since lactation places the heaviest 
strain on the young heifer, a good ration with plenty of protein 
and energy is essential. Underfed heifers nursing calves may 
become stunted, fail to rebreed, and wean a small, underdevel- 
oped calf. As mentioned earlier, it may be desirable to place 
calves from young purebred heifers on a nurse cow so that the 
heifers can resume normal growth. 

3. Failure to rebreed the following season is often the case 
when heifers are bred to calve first as two-year-olds. This results 
in a high percentage of dry three-year-olds. The demands made 
on the dam for growth and development of the fetus, plus lac- 
tation, take precedence over those for reproduction. Unless feed 
is plentiful, nature protects the undeveloped heifer in that she 
fails to conceive the following year. In one experiment, out of 
44 heifers that calved as two-year-olds, 10 failed to rebreed 
the following summer while nursing calves, even though they 
were fed supplemental feed on grass. Under the same condi- 
tions, older cows were observed to rebreed normally. 

4. Early calving retards the development of the heifer. Heif- 
ers bred to calve at an early age require a longer time to reach 
mature body size. In one experiment, cows that had calved first 
as two-year-olds averaged 86 pounds lighter at 4 years of age 
than cows handled under identical conditions, but calving first as 
three-year-olds. Eventually, this difference in body weight may 
be largely overcome if feed is ample, and its effect on the life- 
time productivity of the beef cow may be minor. 

5. First calves are lighter at weaning from two-year-old heif- 
ers. Generally, this difference under range conditions is about 
50 pounds per calf, as compared to three-year-olds, and 75-80 
pounds under mature production. As a rule, second calves from 
early-calving heifers are no heavier at weaning than the first 
calves from three-year-old heifers. 

To study the problem of early calving on lifetime perform- 
ance, an experiment was undertaken in 1948 at the Ft. Reno 
Station in central Oklahoma. The effects of age at first age calv- 
ing were studied within three different levels of winter feeding. 
The project was started with 15 weaned heifer calves in each 
of 6 lots. Lots 1 and 2 were designated the “low level” group 
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and were fed 1.0 pound of cottonseed meal pellets per head 
daily on drj-, native range. Lots 3 and 4, the “medium level” 
group, were fed 2l/o pounds of C.S. meal, while Lots 5 and 6, 
the “high level” group, received 2.5 pounds of meal and 3.0 
pounds of oats per head daily on dry grass each winter. The 
heifers grazed comparable pastures during the summer and am- 
ple forage was available. Heifers of the odd-numbered lots (1, 
3, and 5) were bred as yearlings to drop their first calves at 
two years of age; heifers of the even-numbered lots (2, 4, and 
G) were bred as two’s to calve at three years of age. Data were 
obtained over a 14 year period and are summarized in Table 108. 

As was expected, the heifers wintered continuously on the 
“low level” (Lots 1 and 2) lost considerably more body weight 
during each winter season than those wintered as the medium 
or high levels. While they made greater summer gains, the 
heifers of Lot 1, wintered at the low level and bred to calve 
as two-year-olds, failed to reach the same average body weight 
at 31/4 years of age as their mates on higher feed levels (Lots 
3 and 5). After the heifers had been wintered on their respective 
levels for 3 years, there was 86 pounds difference in the average 
body weight, over all feed levels, in favor of heifers bred to 
calve first as three-year-olds. Thus, breeding heifers as yearlings 
tended to delay their body development, but was more pro- 
nounced where winter supplements were limited. This study has 
permitted the best estimate thus far of the effects of early 
calving on lifetime usefulness of the beef female. Average re- 
sults to 14 years of age are shown in Table 108. The survival of 
beef cows has not been adversely affected by early calving as 
two-year-olds. Little difference between two- and three-year-old 
calving is apparent in reasons for removal of females from the 
test, including those removed as open cows, for failing to calve 
for two successive years, for disease, or for unsoundness. 

Therefore, if the beef heifer is sufficiently well-developed to 
calve first as a two-year-old, subsequent reproductive processes 
and her life span in the herd are not adversely affected. 

Some measure of the difficult)- encountered in calving two- 
year-old heifers can be seen from Table 108. One heifer w.as lost 
at calving, while another was badly injured and sold on the 
market the following summer. However, at 314 years of age 
there was an average of 437 pounds more calf produced by 
the two-year-olds — an advantage obtained at no e.xtra feed cost. 
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Some heifers on the low level, calving the first or second time, 
lost over 300 pounds of body weight from fall to spring. Much 
of this loss occurred in March and April while they were nursing 
calves. The summer pasture during the experiment was very 
good, and ample grass was available. If during these years, 
spring pastures had been slow to develop due to a drought, sub- 
stantial economic loss might have occurred among the “low lev- 
el" cows and calves, with a large number failing to rebreed. In 


Tadle 108 .— Two- to, TnKZE-vEAR-OLD Calvino on Lifetime Perfobmance 
OF Range Beef Cows 


Ace at nnsr calving 

Two-Year-Old 

Threb-Year-OiJJ 

Number females started on test. Fall, 1948 69 

CO 

Number remaining, March, 1902 

23 

22 

Reasons for removal from test 

Open or failing to calve In two 

successive years. 

16 

36 

Cancer eye 

9 

G 

Spoiled udder 

4 

5 

Crippled 

2 

2 

Disease 

1 

2 

Hardware disease 

2 

1 

Accidental 

0 

2 

Unknov.'n 

2 

3 

Heifers assisted at first calvJnc 

28 

3 

Avg. mature body wt.. Fall, 1956 (lb.) 

1148 

1178 

Total number calves weaned 

633 

482 

Number calves weaned per cow year 

.80 

.71 

Total per cent calf crop weaned 

8C.7 

85.2 

Average weaning wt., all calves, (lb.) 

sex corrected 


485 

Average weaning wL, minus two-year- 

old Mlf. lb. 

482 

485 

Cow feed cost per cwt, calf weaned, $ 

10.33 

11.34 


such a case, the extra feed given to cows of the medium and 
high level lot.s might have been worthwhile insurance. 

The alight elTect on average body weight at maturity is due 
chiefly to the diflerencc between Lows that calved first n,s two- 
ycar-olds and the High level thrce-year-olds. Heifers wintered 
at the High level and calving first as three's were slightly heav- 
ier than the average of the other groups. 

An extra 51 calves (.OD cnif per year) were obtnineil from 
tlie two.ye.nrold calving program. This is about .85 more calf per 
female started on te.st than for the three-yearKild heifers. It has 
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amonntcd to an advantapo of nearly 330 pounds calf per cow 
for the two-ycar-old first-calvinp group. 

Weaning weights between the two groups were only slightly 
dilTercnt and the small difTcrcncc observed is almost entirely due 
to the light weight of first calves from two-year-old heifers 
(nearly G8 pounds lighter than the average of their mature 
production). Cow cost per 100 pounds of calf weaned, therefore, 
was reduced by $1.01 for the two-year-old calving regime. 

In summarj*, the data show that heifers handled under practi- 
cal farm or range conditions may be successfully bred as year- 
lings (16 to 18 months) to calve at two years of age if : 

1. Winter feed is ample to meet the increased demands for 
growth, gestation, and milk production. Under commercial con- 
ditions, heifers should gain at least 1.0 pound/day during the 
winter period. They should weigh about 600 pounds when bred. 
Purebred heifers should meet, or exceed, these requirements. 

2. Young heifers must be watched closely at calving time; 
about 60 per cent will need assistance. 

3. Heifers must be well-fed while nursing calves. 

4. It is dest to breed only the larger, well-developed heifers 
as yearlings, allowing the smaller heifers a chance to grow for 
another year. Under commercial conditions, a small-type bull 
should be used on yearling heifers. 

5. Calving first as two-year-olds under good care and manage- 
ment does not shorten the life span of the beef female, and may 
substantially increase total pounds of calf weaned. 
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W. C. BURNS 


Breeding Season Length 
and Subsequent Calf Crops 


The length of the breeding season ranges from a low of 45 
days to year-round breeding in different regions of the United 
States, However, the average length of breeding seasons in most 
sections of the country is 90 to 120 days. Due to the many ad- 
vantages attributed to a short breeding season, more and more 
people are cutting their breeding season to 60 days, and even 
less, on first exposure heifers. 

Most of the cattle that are going to settle any time during a 
controlled breeding season will conceive within the first three 
estrual cycles or 60 days. Baker and Quesenberry (1944) in a 
study of 475S cattle in Montana over an 18-year-period, reported 
a weaning per cent of 81 when cows were bred during a seven- 
to-eight week period. Rhoad (1944) in a study involving 563 
pregnancies in Louisiana, showed that 52 per cent of the cows 
that gave birth to normal live calves became pregnant within the 
first 20 days of the preceding breeding season; by 40 days, 80 
per cent had become pregnant, and at the end of 60 days, 91 
per cent had become pregnant. In another report involving 542 
pregnant cows from Louisiana, Reynolds (1964) reported that 55 
per cent became pregnant during the first 21 days of the breed- 
ing season, by 42 days, 80 per cent, and at the end of 63 days, 
96 per cent were pregnant. Data on 331 pregnant Angus cows at 
the West Central Florida Experiment Station from 1960 through 
1965, showed that 46 per cent had become pregnant within the 
first 20 days of the breeding season, 78 per cent by the end of 
40 days, and 90 per cent by 60 days. The breeding season was 
for 90 days in length during 1960, 1961 and 1962. In 1963 it was 
75 days and in 1964 a 60-day breeding season was used. 


280 



BREEDING SEASON LENGTH 


281 

What happens when the breeding season is shortened from a 
90-day to a 60-day season in two years? In 1963, the Angus 
cattle had a 95 per cent pregnancy rate following a 75-day sea- 
son and in 1964 an 88 per cent rate following a 60-day season. 
While there appeared to be a decline in 1964, the difference 
was no greater than normal year to year variation (Table 109). 
Indications are that, hereafter, reproduction rate will be as high 
in a 60-day period as it was when a 90-day season was being 
used. 

Table 109. — Calving Data for Angus Cows During the 1964-65 Calving 
Season 


Period 

No. 

Breeding Season 


Total 

1963 

Cumulative 
PER CENT 

No. 

1964 

CU.MULATI>*E 
PER CENT 

No. 

Cumulative 
PER CENT 

1st 20 days 

35 

57 

30 

46 

65 

52 

2nd 20 days 

53 

87 

53 

82 

IOC 

81 

3rd 20 days 

68 

95 

63 

97 

121 

96 

4th 20 days 

61 

100 

65 

100 

126 

100 
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Table 110. Effect of Age op Calf and Calf Crop on Pounds of Calf 

Weaned per Cow Bred 


Per cent 
CALF 

Crop 

1st 20 DAYS 

OF CALVING 

(Avg. age 

AT WEANING 
200 DAYS) 

2nd 20 DAYS 
OF CALVING 
(AVG. AGE 

AT WEANING 
180 DAYS) 

3rd 20 DAYS 
OF CALVING 
(Avg. AGE 

AT WEANING 
160 DAYS) 

4th 20 DAYS 

OF CALVING 

(Avg. age 

AT weaning 
140 DAYS) 

100 

450 

412 

S74 

336 

90 

405 

371 

337 

302 

80 

360 

330 

299 

269 

70 

316 

288 

263 

235 

60 

270 

247 

224 

202 


Source: Wiltbank (1964) 


would be 360 pounds for each calf or a total of 36,000 pounds. 

Next, let us look at the effect of age of calf on weaning weight. 
If calves average 450 pounds at 200 days of age, calves that are 
180 days of age will average 412 pounds on the same weaning 
date. Calves at 160 days of age will average 374 pounds, and 
140 day old calves will average 336 pounds in weight. 

With these figures in mind, let us take an example of a situa- 
tion in a typical cow herd (Table 111). 

It must be kept in mind that we are assuming the potential 
pounds of calf weaned per cow bred is 450 pounds. Let us as- 
sume an average calf crop of 85 per cent and an 80-day calving 
season. Fifty-two per cent of the calves would be born in the 

Table 111. — Percentage of Calves DRoppEa) and Pounds of Calf Weaned 
BY 20-DAY Calving Periods in 100-Cow Herd, Assuming 80- 
Days Calving and 85 Per Cent Calf Crop 




CALVING Periods 




1ST 20 

2ND 20 

Srd 20 

4TH 20 

SUMMARY FOR 


DAYS 

DAYS 

DAYS 

DAYS 

4 PERIODS 

Percentage of 
calves born in 






period 

52 

32 

12 

4 

100 

Number of calves 





born in each 
period 

44 

27 

10 

4 

85 

Av. ■weaning 
weight (lbs.) 

450 

412 

374 

336 

360 

Total pounds of 
calf weaned 

19,800 

11,124 

3.740 

1,344 

36,008 
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first 20 days of the calving season, 32 per cent in the second 20 
days, 12 per cent in the third 20 days, and 4 per cent in the 
fourth 20 days. Now consider the pounds of caif weaned per 
cow. For each 100 cows bred, 44 calves will be dropped the first 
20 days of the calving season (52 per cent of the 85 calves 
born) ; 27 calves will be dropped the second 20 days; 10 calves 
the third 20 days; and 4 calves will be dropped in the fourth 
20-day period. If the calves are all weaned at the same time the 
44 calves dropped during the first 20 days will average 450 
pounds for a total of 19,800 pounds of calf and the 27 calves 
born during the second 20 days will average 412 pounds for a 
total of 11,124 pounds. The 10 calves bom in the third 20-day 
period would average 374 pounds for a total of 3,740 pounds, 
and the 4 calves born in the fourth period will average 336 
pounds for a total of 1,344 pounds. This would be a total of 
36,008 pounds of calf, or approximately 360 pounds of calf per 
cow bred. If all of the cows had conceived in the first 20 days, 
we would have 450 pounds per cow bred. In other words, we 
have lost 90 pounds of calf per cow bred through late breeding 
and calving. 

In order to have the maximum pounds of calf weaned per 
cow bred, a high percentage of the cows must wean a calf and 
the calves must be born over a short period of time early in the 
season. In order to have all cows calve in a short period, they 
must be bred during a short breeding season. Following is a plan 
to improve the reproductive performance of a cow herd. 

I. Heifers bred for the first time: 

A. Breed to calve earlier than the cow herd. 

B. Breed for 40 to 60 d.ays. palpate for pregnancy, cull open 
cows. 

C. Have cows gaining in weight at breeding time. 

II. Young cows: 

A. Separate from older cows. 

B. Provide extra feed and have them gaining in weight. 

C. Breed for not over SO days, palpate for pregnancy, cull 
open cows. 

III. Older cows: 

A. Have cows gaining in weight at breeding ti-me. 

B. Breed for not over SO days, palpate for pregnancy, cull 
open cows. 

Calving heifers earlier than the regular cow herd provtdei a 
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better opportunity for these heifers to be rebred and have an 
earlier calf the following year. There is a lower pregnancy rate 
in young cows during the second breeding season and they tend 
to calve later in the season. This is a result of young cows taking 
longer to come into heat after calving. Therefore, if a heifer 
calves late the first year, she is more likely to be open the next 
year. 

Summary 

A good calving percentage can be obtained in a 60-day breed- 
ing season providing the cattle are under good management. 
This is possible because all the cows have calved out 30 days 
prior to putting out the bulls. Under good management, the 
cattle will all be gaining weight and will have plenty of time to 
come in heat and be rcbred during the 60-day breeding season. 



FACTORS AFFECTING CALF CROP 

^14 to 18 hours under different circumstances. Under a system 
tw ee-daily observation for estrus. estrus may begin after a 
gUr“eriod of observation and end before the next observation 
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FIGURE 61. Cydle changes In the corpus luteum (top) and the follicle (bottom) 
during the normal estrous cycle. 


period in a significant number of animals. The situation in which 
cows or heifers do ovulate but are not observed being mounted 
by other cattle is often referred to as "siient heat”. 

The interval between periods of estrus in the same cow de- 
termines the length of the estrous cycle. The normal pattern of 
estrous cycles is determined by cyclical changes in the ovaries of 
an animal. In Figure Gl, the top row begins with a ruptur^ 
(ovulated) follicle showing the egg that has been released. The 
development of this ruptured follicle into a mature corpus lute- 
um and the later regression is indicated further on the top row 
of Figure Gl. The corpus luteum prevents ovulation until it re- 
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greases, apparently by the production of a hormone called Pro- 
gesterone. This can be considered as the “natural” method of 
control of the estrous cycle. 

On the bottom row of Figure 61, the growth of the follicle 
destined to rupture at the next estrus has been depicted in a 
schematic manner. The follicle, particularly at its mature size, 
has been associated with the production of estrogens. Estrogens 
are the hormones which cause the animal to demonstrate estrus. 
Shortly after the end of estrus, about 10 hours on the average, 
the follicle will ovulate. Ovulation refers to the rupture of the 
follicle so as to allow release of the enclosed egg. Maximum 
fertility is realized when the time of ovulation and the time of 
breeding are in the proper relationship. The proper timing of 
insemination is near the end of estrus or about 12 hours after 
estrus is first noted. Thus the semen is in the reproductive tract 
about 10 to 16 hours prior to ovulation under the best conditions. 

Method of Estrus Synchronization 

Various methods are theoretically available to artificially con- 
trol the estrous cycle of the cow in a manner to be of more con- 
venience and economic value to the livestock producer. Many 
methods have been studied but one method has been most e.x- 
tensively studied and appears to hold most promise at present. 
This method is to attempt to imitate the corpus luteum in the 
manner by which estrus is delayed. The corpus luteum began to 
receive a good deal of attention during the first 40 years of this 
century. During the 1930’s, much progress was made in the iso- 
lation and identification of progesterone from the corpus luteum. 
During the 1940’s, injections of progesterone into various farm 
animal species were made at the University of U isconsin. It was 
demonstrated that the injection of progesterone could indee<l de- 
lay the time of next estrus and ovulation even though the corpus 
luteum regressed. The synchronization of estrus was accom- 
plished by injection of progesterone in a group of animals until 
the corpus luteum of most animals had regressed. ^lost of the 
animals had become dependent on the progesterone to inhibit 
estrus, then estrus occurred shortly after the last progesterone 
injection. 

In Figure C2, the mature follicle has bee.n illustrated to persist 
beyond the time of regression of the corpus luteum. The num- 
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• *^1 

her of days which the follicle must persist without ovulation will 
depend on the individual cow. Then upon withdrawal of 
terone treatment, the follicle is allowed to ovulate as illustrated 
in the far right figure. 
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FIGURE 62. Inhibition of ovulation with progestogen followed by ovulation upon with- 
drawal of treatment. 


Use OF Synthetic Progestogens 

During the 1950’s, chemical synthesis of synthetic progesto- 
gens (progesterone-like compounds) received much attention in 
the pharmaceutical industry. One compound which had greater 
oral potency than the parent hormone, progesterone, began to 
receive widespread attention by researchers in large animal re- 
production. This compound, called medroxyprogesterone acetate 
(MAP) , was demonstrated to bo capable of inhibiting estrus and 
ovulation in cattle in a manner which would produce synchroni- 
zation of estrus. , ^ 

Two figures arc used to illustrate the use of Repromix 

•Rcfdstcrcd Tradename, the Upjohn Company. 
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(MAP) to synchronize estrus. In Figure 63, the values along the 
left represent the days from next expected heat in a group of 
cows at the time that Repromix feeding is begun. For example, 
1 indicates that the cow would have been in estrus and ovulated 



FIGURE 63. Illustration of manner in wtiich Individual estrout cycles are synchronized 
by ovulation Inhibition. 

one day after Repromix feeding began. The open area indicate.s 
that this cow will depend on Repromix for a long period of time 
to inhibit ovulation. Additional cous will become dependent upon 
the progestogen each day until nearly all cow.s have been intlu- 
enced by progestogen treatment. The cow repre.sented on the left 
side by 20 is one which will be near e.strus at the time of first 
progestogen feeding. This cow will be in e.strus (representesi by 
the dot) during our "target" period for breesiing. The object of 
estrus .synchronization is to delay estrus in all oth.-r co'.-. s until 
this cow will be ready to return to estrus. It should be notes! 
that more cows become dependent upon the prope^to^-er to carry 
them into the target period as time progre--e--. .A failure to re- 
ceive the proge.stogen during the treat.m-nt jr-rios! all .v. i certai.n 
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COWS to ovulate and these cows may not be synchronized. Thus 
it is essential that each cow receive the progestogen daily in a 
uniform manner. 

In Figure 64, a typical response to synchronization with a pro- 
gestogen has been shown. The left-hand column represents the 
percentage of estrous cycles which began at various days after 
last feeding. Synchronization was typified in this instance by a 
high proportion of estrus being observed at two (46 per cent) 


DISTRIBUTION OF ESTRUS RFFECTED BY SYNCHRONIZATION 



FIGURE 64. Distribution of first and second estrous periods of a group of synchronized 
animals compared to expected distribution in control animats. 

and three (35 per cent) days after last feeding-. The actual in- 
terval from last feeding may be influenced by the progestogen 
used or the dose of progestogen. The second estrous cycle of 
most treated cows will occur in a 6 to 8 day period between 18 
to 26 days after last feeding. Compare this situation to control 
cows in which about 5 per cent of the cows will be in estrus each 
day and about 20 per cent of the cows would have a second 
estrous cycle in a 26-day period. The advantage to the rancher 
is primarily to have his cows ready to be bred in a short period 
of time. To realize this advantage, the rancher must be capable 
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of detecting estrus in his cows so that they may be inseminated 
at the proper time. To accomplish the same goal, namely two 
opportunities for insemination, in a group of unsynchronized 
cows would require about a 42-day period of estrus detection and 
insemination. The cows which conceive at the first and second 
cycles after synchronization treatment should also demonstrate 
a grouping of calves at calving time.. The extent to which calving 
is grouped and calves are more uniform due to age of birth will 
be related to the proportion of the herd which conceives at the 
various post-treatment estrous cycles. 


CONStDERATtONS PRIOR TO SYNCHRONIZATION 

The above sections have attempted to discuss the normal es- 
trous cycle and how it may be modified to an advantage for the 
rancher. The animai in which estrus is to be synchronized has 
to be experiencing normal estrous cycles. There is no evidence 
for the correction of abnormal reproductive behavior by agents 
for estrus synchronization. Two somewhat normal situations c.x- 
ist which must be considered prior to embarking on an estrus 
synchronization program. Puberty m.ay be defined as the time at 
which the heifer begins to experience normal estrous cycles. If 
the heifer has not yet begun to have normal estrous cycles 
(prepuberal) , then there may be no estrus period to synchronize 
upon withdrawal of treatment. The second situation is the period 
following calving during which cows do not e.vperience normal 
estrous cycles (post-partum anestrual period). The average in- 
terval for cows may be on the order of 35 days, under ideal 
circumstances, to 80 or more days, under other circumstances. 
Delays in puberty and long periods of post-partum anestrus can 
be influenced by disease, nutritional status, and other manage- 
ment situations. It has not yet been demonstrated that props- 
togen treatment will initiate estrous cycles in either situation. 

It has been demonstrated with one progestogen (.MAP) that 
treatment after calving does not interfere with the resumption 
of normal estrous cycles at the expected time. 

The following questions must be ar.swered satisfactorily by a 
rancher before he embarks on an estrus synchronization pro- 
gram with oral progestogens: 

1. Are the anim-nls to be synchroniz^ reprcJcctitely r.ormn! 
and experiencing norma! estrous cycles. 



292 


FACTORS AFFECTING CALF CROP 


a. Good management program. 

b. Proper nutritional status and health program. 

c. Adequate interval from calving for cows. 

d. Heifers of proper age and size for breeding. 

2. Will it be possible to administer the progestogen-containing 
feed daily in a uniform manner for a period of about 18 days? 

a. Pre-treatment period to accustom animals to feed to be 
used. 

b. Proper mixing of drug in feed. 

3. Are we capable of detecting estrus in the cows in an efficient 
manner ? 

4. Are my facilities adequate to allow sorting of the cows in 
estrus so that they may be inseminated at the proper time? 

5. Can up to one-half of the cows be inseminated on the same 
day if they are in estrus? 

6. Is the semen of good quality from a recognized source and 
the inseminator experienced or properly trained ? 

The most important item to keep in mind is that estrus syn- 
chronization provides the tool for more efficient scheduling of 
your insemination program. 

Data From Studies with MAP 

The first phase of studying the effectiveness of MAP was to 
determine the appropriate dosage to use. The studies which 
formed the basis for recommending 180 mg. daily have been re- 
ported elsewhere (Zimbelman, 1963) . Several sources of data on 
MAP will be summarized, fuller accounts of the various studies 
are available in a separate publication (Repromix Technical 
Manual, 1965). 

The data from six trials carried out at the Upjohn Farms 
were summarized in Table 112. At a range of doses, 196 (92 
per cent) of 214 treated animals were considered synchronized. 
The percentage of all treated animals becoming pregnant at the 
synchronized service was 47 per cent, this varied from 26 to 75 
per cent in the various trials. The conception rate of all untreat- 
ed cows at the first service was 69 per cent, which was slightly 
below the 78 per cent, for the second service of synchronized 
cattle. Thus any reduction in conception rate was only tempo- 
rary'. 

Of more practical significance to the rancher would be the 
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proportion of the initial group conceiving in a particular period 
of time. In Table 113, the data showed that a slightly higher 
percentage (76 per cent) of treated cattle had conceived within 
a 26'day period than did control cattle (69 per cent). These 
values were quite high in at! trials. The percentage becoming 

Table 112. — SvNcnnoNizATioN akd CoNcrmov Rates is Urjnnv r.rrsfv 
Mix Studies 


Dairy Rrrr prrr AfJ 

Heiftrs llEirms Cs<-vm 
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pregnant at two services, regardless of the time of the service, 
was 88 and 89 per cent for the treated and control groups, 
respectively. 

A total of nine of the earliest beef cattle trials supervised by 
university personnel in accordance with the present recommen- 
dations for use of MAP have been summarized in Table 114. The 
mean percentage considered synchronized, based on detected es- 
trus at first cycle, was 88 per cent in these nine trials and 
ranged from 75 to 100 per cent in various trials. The conception 


Table 114. — Summary of Nine University Beep Cattle Repromix Studies 


Number of j 

''animals j 

Synchronizedt 

Repromix 

Control 

1 Total 

606 

S83 

989 

Mean* 

88^0 

Range* 

76-100% 

Conception rates < 

1 Repromix 

31% 

24-55 

at first servicet ^ 

^ Control 

55% 

44-70 

Conceived with < 

( Repromix 

63% 

38-82 

two services! ^ 

[ Control 

69% 

44-89 


•Mean value and range for all trials. 

tBased on observed estrus. 

jpercentage of those bred in some instances, 

§Percentage of entire group in all instances. 

rates of all groups tended to be somewhat lower than the six 
studies of Table 112, but the relationship of control to treated 
groups was quite similar. The conception rate at the synchro- 
nized service was somewhat lower (31 per cent) than in un- 
treated cows (55 per cent) and ranged from 24 to 55 per cent in 
various trials. The percentages conceiving with two services were 
63 and 69 per cent for the treated and control groups, respec- 
tively. Data on the first 26-day period were not available on 
several groups in these studies so are not reported here. 

During 1962-1963, there were reports on the use of Repromix 
in 52 commercial beef herds involving about 3,000 treated ani- 
mals. The purpose of this field testing was to determine the 
degree to which ranchers could effectively use an agent to syn- 
chronize estrus. Complete information, including control animals, 
was available on 13 of these herds (Repromix Technical Manual, 
1965). In 1964, a total of 18 trials was set up so as to obtain 
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complete information on each trial using recommended dosages 
and feeding procedures based on the results of earlier field trials. 
In addition, certain herds will be used to obtain more detailed 
information on calving and age of calves at weaning from con- 
trol and treated animals. The data from all of the 18 trials con- 
ducted in 1964 are shown in Table 115. In these studies, particu- 
lar emphasis was placed on days 1 to 5 and days 18 to 26 after 
last feeding (ALF) in the analysis of the data. The mean per- 
centage synchronized (estrus days 1 to 5 ALF) was 78 per cent 

Table 115. — Summary of 18 Repbo.mix Field Trials in 19G4 


Number of 
animals 

/Repromix 

/Control 

1,975 

831 


(Total 

2,806 


Synchronized* 


Mcan'l 

Ranjre'i 



78"rc~ 

56-100 

Conception rates 

fRepromix 

serc 

11-54 

at first servicef 

) Control 

5irc 

27-83 

Conceived within 

(Repromix 

57% 

35-79 

26-day periodt 

^Control 

37% 

20-53 

Conceived with 

(Repromix 

62% 

39-81 

two services! 

1 Control 

65% 

39-90 


•Observed in estrus days 1 to 5 after last feedinc of Repromil. 
tPercentage of those bred which conceived at first inseminatjnn, revordless 
of time. 

JPcrccntaj?*? of entire jrroup which conceived within first 2C days after Jait 
feeding. 

§Pcrcontaffe of those bred which conceived with one cr two in^vnirati-ir^ 
rcpardloss of time, up to -IS days maximum 
ilMcan and mnpe of 18 values. 
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be turned with the herd for additional services. The tendency for 
more of the synchronized group to be pregnant within 26 days 
than of the control group should be explained. At this time, it 
appears that this was due largely to more complete detection of 
estrus and to more animals receiving two services when syn- 
chronized. Differences between the data from field trials and that 
in Tables 112 to 114 are believed to be reflections of: (1) the 
incidence of prepuberal heifers or post-partum cows not experi- 
encing normal estrous cycles, and (2) the efficiency of estrus de- 
tection under range conditions compared to research situations. 
No attempt was made in the field trials to select only cows 
having estrous cycles prior to use because this would not repre- 
sent the manner of use under practical ranch conditions. 

Perhaps the data in Table 112 can be considered as a goal for 
reproductive performance under range conditions. If so, then it 
seems apparent that significant gains in reproductive efficiency 
of beef cattle could be made. Research directed toward definition 
of improved reproductive performance would be of benefit with 
or without estrus synchronization. As indicated by the range of 
values in Table 115, certain herds did quite well with up to 79 
per cent conceiving in one herd in a 26-day period. 

The Future in Estrus Synchronization 

Additional research on agents for estrus synchronization will 
probably be directed to four major areas : 

(1) More potent or more economical agents for ovulation in- 
hibition. 

(2) Agents which work by a different mechanism of action. 

(3) Methods of administration other than via the feed. 

(4) Means of improving conception rates of beef cattle. 

Past research has touched upon all of these areas but renewed 
interest may be generated. In terms of more potent progesto- 
gens, one such compound has been reported upon in several 
places recently. A progesterone derivative called CAP has been 
reported effective in cattle at about 10 mg. daily (Van Blake et 
al, 1963). Our own research has turned up several other com- 
pounds which inhibit ovulation in cattle at doses of 10 mg. or 
less daily. More potent compounds are advantageous only if they 
result in a more favorable economic picture or have an improved 
performance. Only additional testing and time will determine 
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whether or not more potent agents do prove to be more useful. 

Substances with new mechanisms of action are theoretically 
possible. Drugs which stimulate estrus (estrogens) or ovulation 
(gonadotropins) in large groups of cattle have not proven of 
practical value in past studies. These and other similar agents 
probably will continue to receive more attention by some re- 
searchers. 

Methods of administration other than the feed would be more 
practical under some management situations. A report on the 
use of vaginal sponges impregnated with progestogens in Aus- 
tralian sheep will probably stimulate similar studies in cattle. 
Procedures using prolonged absorption from a single injection or 
implantation of a progestogen have not lived up to their promise, 
apparently due to failure to achieve a sharp cut-off with poor 
sjmchronization as a consequence- 

Attempts to improve conception rates of cattle have been 
made for many years. We do not yet have sufficient knowledge 
to characterize the several reasons for the lowered conception 
rates encountered in many herds at present. Until we understand 
the causes and means of overcoming lowered conception rate 
under ^'natural” conditions, we will verj’ likely not make signif- 
icant progress with a lowered conception rate in synchronized 
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be turned with the herd for additional services. The tendency for 
more of the synchronized group to be pregnant within 26 days 
than of the control group should be explained. At this time, it 
appears that this was due largely to more complete detection of 
estrus and to more animals receiving two services when syn- 
chronized. Differences between the data from field trials and that 
in Tables 112 to 114 are believed to be reflections of: (1) the 
incidence of prepuberal heifers or post-partum cows not experi- 
encing normal estrous cycles, and (2) the efficiency of estrus de- 
tection under range conditions compared to research situations. 
No attempt was made in the field trials to select only cows 
having estrous cycles prior to use because this would not repre- 
sent the manner of use under practical ranch conditions. 

Perhaps the data in Table 112 can be considered as a goal for 
reproductive performance under range conditions. If so, then it 
seems apparent that significant gains in reproductive efficiency 
of beef cattle could be made. Research directed toward definition 
of improved reproductive performance would be of benefit with 
or without estrus synchronization. As indicated by the range of 
values in Table 115, certain herds did quite well with up to 79 
per cent conceiving in one herd in a 26-day period. 

The Future in Estrus Synchronization 

Additional research on agents for estrus synchronization will 
probably be directed to four major areas: 

(1) More potent or more economical agents for ovulation in- 
hibition. 

(2) Agents which work by a different mechanism of action. 

(S) Methods of administration other than via the feed. 

(4) Means of improving conception rates of beef cattle. 

Past research has touched upon all of these areas but renewed 
interest may be generated. In terms of more potent progesto- 
gens, one such compound has been reported upon in several 
places recently. A progesterone derivative called CAP has been 
reported effective in cattle at about 10 mg. daily (Van Blake ct 
al., 1963). Our own research has turned up several other com- 
pounds which inhibit ovulation in cattle at doses of 10 mg. or 
less daily. More potent compounds are advantageous only if they 
result in a more favorable economic picture or have an improved 
performance. Only additional testing and time will determine 
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whether or not more potent agents do prove to be more useful. 

Substances with new mechanisms of action are theoretically 
possible. Drugs which stimulate estrus (estrogens) or ovulation 
(gonadotropins) in large groups of cattle have not proven of 
practical value in past studies. These and other similar agents 
probably will continue to receive more attention by some re- 
searchers. 

Methods of administration other than the feed would be more 
practical under some management situations. A report on the 
use of vaginal sponges impregnated with progestogens in Aus- 
tralian sheep will probably stimulate similar studies in cattle. 
Procedures using prolonged absorption from a single injection or 
implantation of a progestogen have not lived up to their promise, 
apparently due to failure to achieve a sharp cut-off with poor 
synchronization as a consequence. 

Attempts to improve conception rates of cattle have been 
made for many years. We do not yet have sufficient knowledge 
to characterize the several reasons for the lowered conception 
rates encountered in many herds at present. Until we understand 
the causes and means of overcoming lowered conception rate 
under “natural” conditions, we will very likely not make signif- 
icant progress with a lowered conception rate in synchronize<I 

atiimflle 
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ness to make the management changes necessary for artificial 
insemination and estrus synchronization will develop at an un- 
predictable rate. The basic motivating factors will probably be: 
(1) a desire for replacement heifers with a greater genetic 
capacity for production, and (2) a recognition of the need for 
increased reproductive efficiency of beef cattle under commercial 
conditions. 

Summary 

The use of hormones to control the estrous cycle of cattle 
was discussed in relation to artificial insemination. The normal 
reproductive cycle of the cow was reviewed, pointing out those 
features important to the synchronization of estrus. A brief 
description of the manner whereby progesterone injections were 
used to synchronize estrus was illustrated by two figures. The 
use of Repromix, a feed premix containing a synthetic proges- 
terone derivative, to synchronize estrus was discussed. It was 
pointed out that synchronized animals may be inseminated twice 
during about the first 26-day period after feeding Repromix for 
18 days. Data on the percentage of synchronization and fertility 
are available on more than 5,000 cattle used in research at the 
Upjohn Farms, in university studies, and in field trials on com- 
mercial ranches. The results were influenced by the normal re- 
productive performance of the group to be studied, particularly 
in respect to whether the animals were experiencing normal 
estrous cycles. The detection of estrus for proper timing of in- 
semination of the cattle was stated to be another important 
factor. A discussion of important considerations was made to aid 
the individual rancher in planning for an artificial insemination 
program using estrus synchronization. An attempt was made to 
define the areas of future research in estrus synchronization. 
Areas considered were; more potent compounds; compounds 
\yith different modes of action; different routes of administra- 
tion; and improvement of beef cattle reproductive performance. 
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Artificial Insemination 


The accumulated total of cattle serviced by artificial insemination 
(A.i.) in the U.S.A. is now about 100,000,000, and the annual 
rate of cattle inseminated In the %vorld is now approximately 
50,000,000. For 1964, the U.S.D.A. has reported a total of G,- 
165,699 dairy cattle inseminated with semen of dairj’ bulls, 
1,117,395 dairy cattle inseminated with semen of beef bulls, and 
464,959 beef cattle inseminated with semen of beef bulls, for a 
total of 7,747,953 cattle inseminated. 

The year 1964 is the first year the U.S.D.A. has reported 
beef-to-beef data. It is evident that A.I. of beef cattle has in- 
creased during the past several years from a few thousand an- 
nually to a total which may in 1965 exceed 500,000 and involve 
almost two per cent of the estimated beef cattle population of 
the U.S.A. 

Reference to Table 116 reveals the fact that beef a.i. has 


Table 116. — Growth of A.I. by Veak in Dairy and Beef CArru: as Re- 
rORTED BY U.S.D.A., D.H.IwV. 


Year 

Dairy 

Year 

Bzzr 

1939 

7,359 

1959 


1940 

33,977 

1960 


1941 

70,751 

19CI 


1942 

112.785 



1943 

182,524 

IKS 


1944 

218.070 

19^-4 

4'l,553 

1945 

3C0.732 

1K5 


1946 

537,376 



1947 

1,1S4.1€S 
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grown as fast, if not faster, than dairy A.i. There have been 
differences, however. Beef A.I. has simply involved application of 
an already well-developed technology to another and somewhat 
more difficult animal husbandry environment. Growth of dairy 
A.I. required the development of a completely new technology 
and, simultaneously, its practical implementation. 

Dairy A.i. was nourished by the agricultural colleges, extension 
services, the U.S.D.A., purebred associations, and related dairy 


Table 117.— Beef A.I. in 1964. Teh Laroest A.I. Oeoanizationb in Total 
op Beef to Beef Services. From II.S.D.A., D.H.I.A. 


Organization 

Beef Cows Inseminated 

American Breeders Service, Inc. 

102,578 

Curtiss Breeding Service, Inc. 

43,000 

Midwest Genes, Inc. 

35,977 

Armour & Company B.C.I. 

30,318 

International Beef Breeders 

30,000 

Central Ohio Breeding Association 

28,971 

All West Breeders 

18,827 

Cache Valley Breeding Association 

13,126 

Southern Illinois Breeding Association 

10,902 

Eastern Iowa Breeders 

9.062 


interests. It benefited from the good efforts of many hundreds 
of trained and influential people whose personal incomes were 
derived from public or non-A.i. sources. 

Beef A.I. has been largely a project of the A.I. industry. There 
has been but little encouragement or participation by public in- 
stitutions and even less outside subsidy (Table 117). Tacit 
postures and oppositions from covert to overt are still being 
encountered. 

A.I. has been received by the beef cattle industry with the 
broadest variety of reaction. However, by now, it is surely clear 
to all that A.I. is neither going to spread like a pox nor is A.I 
going to end all sales of purebred bulls. A.I. will be neither the 
saviour nor destroyer of the beef cattle business. Allegations 
that herds cannot be kept on A.i. indefinitely or that A.I. offspring 
are "weak” or “different" just aren't supportable. Some dairy 
herds have been on A.I. exclusively for almost 20 years and the 
successive generations of offspring are normally functioning cat- 
tle. Even the most reactionary should know by now that cattle 
aren’t made sterile by a.i. and that, really, the only thing arti- 
ficial in artificial insemination is its name — ^now recognized as an 
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nnimnfrinntivc and iinforliinatc choice of words by its developers. 

In rc.'^pon.silde hand.s, a. I. of iteef cattle is no more disposed to 
rc.ndt in wido.'sprcnd appearance within a breed of those heredi- 
tary defects which are tran.smitted upon the 1:2:1 pattern of 
cxprcs.sion. char.-ictcri.stic of the Mcndelian simple rccessives, 
than is A.I. of dairy cattic. In this reyard, more than 25 years in 
Imccdiny 100,000,000 dairy cattle in the U.S.A. by A.I. speaks 
clearly for itself. 

Alleyations raised ayainst beef A.I. to the elTect that heredi- 
tary defects such as “snorter dwarfs" will become rampant 
should be recoynized as “red herrinys” of the same species that 
were once raised ayainst larye-scale use of dairy bulls in A.i. 

The fact is. when intelliyently employed, A.I. becomes a most 
v.sluablc procedure in controlliny and minimiziny those harmful 
hereditary defects already e.\tsnt within our cattle population. 

A.I. is jrrst another technical tool, the value of which is deter- 
mined directly by the knowledgeability with which it is employed. 
Requisites for successful use of A.i. for beef cattle are about the 
same ns those for obtsininy the maximum number of calves 
over the minimum period of time from natural service. 

In the past few years, most of the purebred beef cattle as- 
sociations have modified their regulations in regard to register, 
ing calves from A.I. Three questions, (1) number of registered 
females inseminated for each of the past five years? (2) number 
of calves registered from a.i. matings for each of past five 
years? (3) What ten bulls have greatest number of registered 
offspring — by year and by bull? elicited responses as tabulated 
by breed in Table 118. Respective regulations relative to A.I. 
are also noted. 

It is apparent that most purebred beef cattle associations 
have not been maintaining precise records as to the number of 
calves from A.I. matings they have been registering. 

The reply of the American Aberdeen Angus Association is 
especially interesting in that they report 16,956 A.I. calves regis- 
tered in 1963 and 23,219 A.I. calves in 1964, during which latter 
year a total of 372,737 were registered. Thus, 6.1 per cent of the 
total of Angus cattle registered were known to be from AJ. 
matings. Additionally, the Secretary stated that they knew of 
wider use of A.i. within the breed and hoped in the future to 
have more accurate records. 

Of interest is the fact that one Angus bull had 683 calves 
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registered in 1964 and ten Angus bulls each had more than 300 
calves registered in 1964. 

There have been happenings of significance during these five 
years of growth and development which have ser\*ed to further 
interest in beef A.i. : 

1. Continued progress is being made in methods for reliable 
selection of beef sires worthy for use in large-scale A.i. Perform- 
ance standards have been developed and established by several 
purebred beef associations. Progeny testing of bulls has become 
a reality. 

2. In 1965, almost 500 sires of the beef breeds are in use by 
commercial a.i. organizations. Of course, semen from many of 
these bulls is used preponderantly for the insemination of dairj* 
cattle, and these bulls are not all of extraordinarj’ genetic merit. 
However, some of the beef bulls being offered are the product of 
deliberate and objective, mathematically quantitated, pro- 
grammed methods of evaluation and selection: birth weights, 
weaning weights, weight per day of age, gain per day in fccdlot, 
efficiency of feed conversion, and carcass qualities have been 
established for offspring. They were selected because in tests 
their offspring proved superior; subsequent offspring of such 
bulls from A.i. are performing well in fccKllots.* 

3. There has been recognition of the significant frefiucncy of 
occurrence of certain infectious vcncrcally transmitted di^enscH 
affecting reproduction of beef cattle for which bulls are the di>. 
seminators and permanent rescr\'oirs. From Colorado, it h.n b*’**n 
reported that 45 of 83 herds with breeding difficulties in Colora- 
do and adjacent states examined, by bacteriological me^hod^. 
were found infected with bovine vibriosis (Heorlein r! r.l.. 19C-I). 
From Utah, it has been reported that 7.5 per cent of 

bulls tested in Utah and surrounding state-! were found 
with bovine venereal trichomoniasbs (Johnson, 19C-l).t 

4. Data are accumulating from the insemination of m-any 
herds. Some re.^ults are verj' poor and ether* are remariaU/ 
good, with direct relationship to nutritional prerarat:- n tv; - a.’:/ 
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It is improbable that any of the above-indicated factors are ever 
at a 100 per cent level. The estimates used herein for illustration 
are intended to be just that — reasonable estimates. The optimal 
inseminator-technician level is set at 100 per cent as it is the 
most controllable factor. 

Table 121 mates clear the realistic expectations from a “one- 
cycle” period of breeding. Likewise, it illustrates not only the 
principles involved, but the penalties resulting when individual 


Table 121. 



1, Ideal situation. 

95 X 90 X 95 X 100 = 81.2 

2. Good per cent of herd inseminated (85%); other factors ideal. 



85 X 90 X 95 

X 

100 


72.7 

3. 

Poor per cent of herd inseminated 
10%; other factors ideal. 

(60%) ; 

herd fertility lowered 


60 X 80 X 95 

X 

100 

= 

45.6 

4. 

All factors lowered 10%, 






85 X 80 X 85 

X 

90 


52.0 

5. 

Per cent of herd inseminated and technician efficiency lowered 10%; 
other factors ideal. 


85 X 90 X 95 

X 

90 


65.4 

G. 

Fair per cent of herd inseminated 
10% ; other factors ideal. 

(70%) ; 

semen 

fertility lowered 


70 X 90 X 85 

X 

90 

= 

48.2 

7. 

Poor semen fertility (50%) ; other factors ideal. 




95 X 90 X 50 

X 

100 


42.8 


8. Poor technician efficiency (60%) ; other factors ideal. 

95 X 90 X 95 X 60 s= 48.7 

9. Poor semen fertility (50%); poor technician efficiency (60%); other 
factors ideal. 

95 X 90 X 50 X 60 = 25.6 
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factors are less than optimal. The compounding effect when more 
than one faQtor is less than optimal is made clear and should be 
especially noted. Optimal results from either a.i. or natural ser- 
vice necessitate each contributing factor’s being at an optimal 
level. 

It should be especially noticed that a single weak factor never 
“averages out.” Per cent calf crop is not the average of the com- 
ponent factors but the product of the component factors. Ob- 



PIGURE 65. Heat observation, Insemination season, and birth of artificial Inseminated 
calves are well established events In the yearly reuline on this Montana ranch. 


viously the product must always be lower than the smallest 
factor. 

A + B + C+D calves born 

from A.I. 

4 in per cent 

Surely the most important development in beef A.I. stems simply 
from the practical experience of having inseminated many beef 
cattle and from having observed varj-ing degrees of succe.s,s un- 
der differing methods and conditions. Comment is offered under 
each of the independent component factors indicatetl previously. 

Per Cent of Herd Inseminated 
When we obseiwe and compare different bwf herd.? under 
A.I.. it seems quite probable that the first factor Brr rent o/ 
Herd insemimted. has been not onl.v the most w.deb ar^-h.e 
but the factor which has been, '^hen madequate prepcr^_e«r.tl/ 
responsible for suboptimal or unsatis ac orj r _ .. 

if but a low percentage of the cattle 

nated, it follows that attainment of 

program will be proportionately dis3p^....w — - . - 

ing to the per cent of the herd inse-mmated are 5v^ e. _. 



FACTORS AFFECTING CALF CROP 


310 

Cows must not be pregnant and must he cycling and displaying 
heat in order that heat signs may be recognized and insemina- 
tions carried out. Sometimes there has been failure to recognize 
beforehand that a herd's annual calving season extended too 
long (6 months, 9 months, 13 months) so as to make impossible 
having, within a reasonable period, sufficient qualified cows 
available for A.i. (i.e., not pregnant and not less than 50-60 
days since calving) . 

Especially frequent has been the situation of a high proportion 
of the coivs being too long delayed after calving before return to 
heat. Too many cows were simply not yet cycling and showing 
heat at the time when being observed for heat. The heat ob- 
servers and the inseminator-technician were prepared and ready 
— ^but, the cows were not. If there has been any one most com- 
mon and most intense technical problem in beef a.L, this has 
been it. 

Extended delay in return to heat is, of course, no less a prob- 
lem in natural service, a.i. records have been serving to more 
clearly define the facts. Fortunately, this single greatest problem 
has been the subject of recent and most significant research in 
beef cattle management. Workers at the Beef Cattle Research 
Station, Fort Robinson, Nebraska, led by Dr. James Wiltbank, 
have made outstanding contributions toward solutions which, in 
the opinion of this writer, have been fundamental in furthering 
adaptation of the a.i. technique to beef cattle, especially under 
range conditions. This research may prove to be among the most 
important contributions toward betterment of beef breeding 
practices, a.i. or natural service, of this decade (Wiltbank et al., 
1962). 

Demonstration of the singular importance of adequate energy, 
T.D.N. (not protein), and of the levels required both before and 
after calving for resumption of cycling and normal fertility dur- 
ing the second and third month after calving, is no less funda- 
mental to the successful breeding of beef cattle by natural ser- 
vice than by A.r. 

The make-or-break importance of adequate phosphorus intake 
for normal reproduction, especially for estrous cycling, has been 
well established. 

Remarkable skill in the art of heat detection has been quickly 
acquired by many ranch people. The ability to “read” cows well 
has become a source of justifiable pride; likewise, has the art 
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of cutting and moving those in heat efficiently in order that they 
can be effectively passed through a chute for their insemination. 

Diligent heat observers develop confidence in their abilities to 
recognize cows in heat with no less accuracy than a bull. In fact, 
experienced heat observers seem to become remarkably con- 
temptuous of bulls and their abilities — especially toward their 
habit of giving undivided attention to a single conquest, while 
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Aids to heat detection seem to have found neither a necessary 
nor lasting place in beef A.i. Devices to be activated by the con- 
tact pressure of riding animals have been designed to be at- 
tached to the tailheads of females being watched for heat. These 
devices are not only expensive, but have tended toward detach- 
ment and malfunction. Their greatest usefulness may be found 
in small herds with absentee management. Continued improve- 
ment in these devices would surely increase their usefulness and 
acceptance. 

Detector animals such as steers stimulated by injection with 
male sex hormone and hulls which have been vasectomized and 
subjected to mutilating operations involving amputation, devia- 
tion, or pocketing of the penis to preclude genital contact have 
not found very general or continued acceptance for a variety of 
most practical reasons. Either these males lost interest and didn’t 
work, or they were found to mix disadvantageously the in-heat 
females within the herd. Too much exclusiveness of interest was 
commonly noted. Genital contact of detector animals can be re- 
sponsible for continued spread of harmful venereal diseases. 

Various types of marking harnesses by means of which some 
identifying color-mark can be transferred to in-heat females 
when they stand for riding have been developed and tried. A- 
prons to be worn by detector bulls to preclude contact of the 
penis with a female proved unsatisfactory. 

The usual conclusion toward use of detector animals has been 
that a conscientious human observer when sufficiently experi- 
enced to be confident can do the job better alone. Dependence 
upon heat detection aids seems to terminate when human ob- 
servers have mastered their tasks and when it is possible for 
them to devote undivided attention to their tasks. 

The possibilities of and for synchronization of esirns through 
administration of hormones, making possible insemination of an 
entire herd within a few days, has intrigued both theoretical 
and practical people for many years. Synthesized hormones are 
now available for experimental purposes which effectively with- 
hold the onset of estrus. Upon simultaneous discontinuation of 
the hormone effect, females respond by coming into estrus on or 
about the same day. 

Experimental evaluation of products and methods is under- 
way. The results being obtained suggest a useful potential ; but, 
the total of advantages must be significantly greater than pres- 
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cntly evident before wide acceptance. Probably the greatest hur- 
dle to exploiting the mech.anism of estrous synchronization is the 
anachronism of pharmacologically stopping estrous cycling in 
groups of cows when they aren't yet cycling — principally be- 
cause of their prior inadequate energy intake. 

It is quite apparent that successful artificial insemination of a 
given herd without estrous synchronization must be possible be- 
fore artificial insemination with estrous synchronization can be- 
come possible. 


Herd Fertility in Per Cent 

It is well established for both dairy and beef cows that fertility 
level does not reach an optimal level until about two months 
following calving. Too early rebreeding — natural or artificial 
results, on the average, in low settling rates. Recent examples of 
such under beef A.t. conditions have occurred. 

Proper nutiitional statvs, especially in respect to energy, 
phosphorus, and vitamin A, is critical and imperative to normal 
fertility. Herds prepared nutritionally have been those with sat- 
isfactory settling rates. Inadequately prepared herds have pro- 
portionately lessened settling rates (Bartlett, 1964) . ^ 

Specific venereal diseases of cattle^ especially , 

trichomoniasis and vibriosis, can play a role m the outcome of 
A.I. when an attempt is made to 

exposed in the recent past through contact wi J 

Carried-over dry females, infected and infer i e u j 

ceding year’s breeding season, ordinarily will have recovered 
from their infection and regained normal fertility. insemina- 
Accuracy in heat detection and proper irni herds that 

tion are of importance. There is no “dainty ^rberfherds^that 

superior results are obtained those observed 

However, such a regimen may =™°;f'tem ^o hav?; been 

management routines. i„„tions were performed at 

obtained in many herds where inseminations 

one single convenient “knight and morning— may 

Double insemination of each However, the 

increase settling rates as much ® commercial herd^ 

economic advantage of such a p 
seems not to justify the added cos . 
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Natural nutritional and environmental conditions have com- 
monly established a traditional season for breeding in each area. 
Attempting to breed a herd preceding this season when weather 
and nutritional resources are clearly unfavorable leads inevitably 
to difficulties. 

“Out-of-season” insemination programs are being carried out 
successfully, but only when the nutritional requirements are 



FIGURE 67. Artifietol insemination offers exciting possibilities to cattlemen in coun- 
tries with rapidiy deveioping agricultures. However, knowledge and skill necessarily 
precede use of A.I. This group of cattlemen In Patttma receiv^ A.I. training in U.S.A. 
procedures. 


provided by means of adequate energy supplementation that is 
maintained for sufficient duration. 

Semen Fertility From the Ampui^ in Per Cent 

A principal advantage in A.l. is derived from the fact that the 
male factor for fertility can be supplied as, and at, a high level 
constant. When the semen used in A.l. is anything less than 
optimum, a principal advantage of A.i. is quickly lost. 

A.l. is the most effective way of immediately stopping the 
spread of diseases transmissible at sexual contact. This neces- 
sitates, of course, that bulls used as sources of semen in A.l. be 
free from infectious venereal diseases and that the semen be 
properly processed. 

One could cite numerous disappointments in beef A.i. results 
caused by semen of poor quality. Vibriosis has been transmitted 


ARTIFICIAL INSEMINATION 


316 

into beef herds with improperly processed semen. A large quan- 
tity of semen is known to have been frozen from at least one 
dairy bull just preceding diagnosis of his being infected with 
bovine venereal trichomoniasis. — And, today, bovine venereal 
trichomoniasis is even more frequent in beef cattle than in dairj' 
cattle. 

Many beef bulls do not produce completely normal semen. 
Most beef bulls occasionally produce abnormal semen. Conse- 



FIGURE €8, Deseret Farms of Florida. Inc. at Melbourne, Rorida, has 
of A.I. to urerade a very large herd of mixed beef cattle. In 

heifers and dry cows were inseminated; In 1960 approximately 2,700; In IMJ *99”^ 
mately 3.750; In 1962 approximately 4,600; In 1963*PP«/ 
approximately 7,650; and In 1965 approximately 

March 15 and continued to August 1. Cattle were released to '^P^* 

45 days If no return to heat was noted and after facing ^nlnsemlMtedlwiw.^^ 
time bulls were turned with cattle on SurMfays. 

pregnancy diagnosis percentages have varied from year to year, ave g g ppro Py 
76 per cent with the best year, 1964, being 79 per cent. 


quently, a most critical decision in determinins the outcome of a 
beef A.I. program is whether or not a specific beef bull ^ ^ 

used in A.I. Other critical decisions are made each time when it 
is decided whether or not to freeze each individual collection of 
semen. Further critical decisions arc made when it is • 

postfreezing, whether or not a given collection o semen '■ 
able for use. Consistent quality control ° 

laboratory standards are imperative. . , 1^,, 

tivity and competence on the part of e.vperienc i,[,|i 

Approximately five per cent of group of 

are rejected postfreezing from one larg fertilitv Ard 

beef bulls in order to t 

before admittance, each of this ■ m T^jur.- 

carefullv screened for fertility rv^jlar- 

tained under ideal conditions, and 

lyandprocessedbye.xperienced.e.xpei^ec- . . ... ^ 

Beef cattlemen would be well advised to .^.vc. he. - -.res 
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technicians have inseminated many cows badly and for a lonir 
while. 

Since but very few inseminator-technicians bring depth of 
knowledge to their jobs, it is desirable that they be subjected 
to competent supervision and occasional retraining. Anything 
less than evidence of continuous striving for perfection — with 
each heifer and cow presented — on the part of an inseminator- 
technician is cause enough for management’s making other ar- 
rangements. Excellent inseminator-technicians are available and 
more can be readily trained. 


Summary and Conclusions 

The technique of artificial insemination, principally as a means 
for making possible inexpensive, widespread exploitation of the 
economic value of scientifically selected, superior bulls within 
herds of commercial beef cattle, has been making rapid growth 
through the stages of technical development, evaluation, and 
acceptence. 

a.i.’s capabilities in beef herds are being clarified. 

With present day technology, whether or not the male factor 
for fertility (semen) is delivered to herds diRcasc-frcc and ns a 

high-level constant is, in essence, an elective decision. 

Learning and accomplishing by beef cattlemen of t ^ ® 
viously new and unfamiliar requisites for A.I., as concen ra ing 
of the herd for observation, heat detection, handling of individ- 
ual in-heat females, an act of insemination although neces- 
sarily pursued with exactness, have constituteil problems of fa 
less magnitude than anticipated. 
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and especially during the months immediately before and after 
calving. Not-in-heat females are equally unobtainable objectives 
of A.i. and of bulls. 

Breeding the beef herd by a.i. goc.s hand-in-hand with present- 
day goals of shortening breeding seasons and achieving the 
highest possible per cent of cows pregnant during the first three 
weeks of each breeding season. The nutritional requirements for 
such are quite well defined. 

Except as an cfTcctivc replacement for diseased or infertile 
bulls. A.!, is a cure for nothing in a troubled beef herd. Surely, 
A.I. won*t work well when attempted ns a solution for cows not 
coming into heat or for cows that arc diseased or othenvise in- 
fertile. A.I. simply can't bo expected to settle cows that couldn’t 
be 8etllc<l on the same clay by a potent, fertile bull. There seems 
little doubt that if there is a mediocre job to be done in a mar- 
ginal environment, bulls can do it better. 



G. T. EODS 




Reproductive Diseases in Cotvs 


Beef cattle producers and specialists from the University of 
Florida, meeting to review the strengths and weaknesses of the 
present beef cattle production opportunities in Florida, deter- 
mined that the relatively low conception rate for Florida's cattle 
producers was probably the most important limiting factor for 
effective competition with those in beef cattle production in other 
sections of the United States. In many other sections the con- 
ception rate varies between 75 to 85 per cent. It is believed that 
in many instances the conception rate in Florida would be be- 
tween 55 and 60 per cent. 

Whereas livestock producers of Florida will market approxi- 
mately $250,000,000 of animal products during 1965, it has been 
estimated that disease losses account for at least $52,000,000 
annually. Few other businesses can afford the luxury of losses 
approximating 20 per cent of gross sales and compete with 
others operating much more efficiently. Rather, serious attention 
is focused on analyzing the problems, their causes and preven- 


uon. 

In order that proper evaluation of the reasons for this low 
conception rate can be made, it is necessarj' that ^e beef cattle 
producer keep adequate records on every 
should include the date the cow was bred, the quality and health- 
iness of the calf produced, whether or not the calf was bom 
naturally or required assistance, whether the p acen was ^ 
tained and if treatments were required, w-hich ones vrere us^^ 
and how many were required to clear up e m ec ion. 
narians and other qualified experts in this field have emphasized 
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the importance of healthy animals, adequate nutrition, good 
management, selection of cows conceiving by the second or third 
service, and culling those not settling unless sufficient reasons 
for the delayed conception rate can be determined. They point 
out the importance of proper rectal examinations for diagnosis 
of pregnancy, determining whether or not anestrus is a cause 
for the animals not being pregnant, whether or not the cow is 
suffering from metritis or pyometra, whether there may be 
mummified fetuses present, and the nature of the corpus luteum 
or the ovarian follicles. 

Most authorities believe that an average of 1.85 services per 
cow is a normal ratio. The question naturally arises whether the 
cow or the bull is at fault as far as the low conception rate is 
concerned. Assuming the animal comes into heat regularly, ovu- 
lates a normal, healthy ovum which passes through a normal 
fallopian tube into the uterus where implantation may take 
place, if the quality of the semen is low, then lack of conception 
may be due to poor semen quality rather than an inadequacy of 
the cow. 

If the animals have not conceived by the second or third 
breeding period, both the bull and the cow should be examined 
for possibility of vibriosis or trichomoniasis infections. There has 
been a widespread increase recently in the incidence of vibriosis 
in dairy and beef cattle throughout the United States. This dis- 
ease affects both the cow and the bull. The prime cause of 
repeat breeding in cattle may well be vibriosis. If abortion has 
taken place recently, or if a mummified fetus is found on exam- 
ination of the uterus, then one should suspect leptospirosis or 
possibly brucellosis as the infective organism. It is helpful if the 
veterinarian or the owner can collect either the vaginal discharge 
after abortion, the fetus, the placenta, or certainly blood from 
the animal which has aborted. These materials may be examined 
for suspected brucellosis, leptospirosis, virus diarrhea, infectious 
bovine rhinotracheitis, or infectious pustular vulvovaginitis. 
Other organisms which may also cause abortion on occasion are 
listeriosis, and certain of the fungi. The normal time for expel- 
ling the placenta after parturition is 3 to 10 hours. If more than 
10 hours are required for the expulsion of the fetal membranes, 
then one should suspect pathological changes have occurred 
which may have been due to brucellosis or one of these infectious 
conditions. 
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Vibriosis, a bacterial venereal disease of livestock, has cost 
stockmen millions of dollars. The disease causes infertility, and 
the reduction in the number of calves makes it the most costly 
reproductive disease of beef cattle in the United States. Accord- 
ing to an authority in the field. Dr. A, B. Hoerlein of Colorado 
State University, “Vibriosis has spread so rapidly during the 
past three years that hardly any range area in the United States 
is free of the disease. During the study newly infected cattle 
herds were found where pregnancy rates varied from 0 to 50 
per cent with an average of nearly 30 per cent. This low inci- 
dence was due to vibriosis.” 

A new vaccine has been produced which will be distributed to 
ranchers through their veterinarians. The vaccine is designed to 
protect susceptible cattle from vibriosis. In infected herds re- 
placement heifers are most likely to have severe losses. It may 
be profitable to vaccinate the whole herd to protect older cows 
which have missed previous infection or in which immunity has 
diminished. Much of the value of the vaccine will be to protect 
noninfected herds which could be exposed to vibriosi.s from other 
infected cattle. Duration of immunity from vaccination is not 
known at this time, but it is expected that annual booster re- 
vaccinations may be necessarj* to maintain high levels of im- 
munity. Experiments are in progress to answer this question. 
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In an adjoining state 260 samples were obtained from 106 
animals of which 92 were classed as normal breeders based on 
conception within the first three breedings. Of the 92 normal 
animals, 51 conceived on the first breeding, 29 on the second, and 
12 on the third. Thirty-eight per cent of the 201 samples from 
the normal animals were bacteriologically sterile, whereas only 
5 per cent of the 59 samples from the repeat breeders were 
sterile. The data indicates that in normal breeders most of the 
bacteria are saprophytic types and nonpathogenic. 

In one herd, 46 difficult breeders were examined. In those, 
significant abnormalities of the reproductive tract were detected 
by rectal palpation in 37 animals. Yet the bacteriological culture 
failed to isolate any hemolytic streptococci. Only one coagulase 
positive staphylococcus and only three corynebacterial cultures 
were identified. Pseudomonas cultures were isolated from six of 
the cows indicating that it may be involved in individual herds. 

Dr. G. T. Easely, of Oklahoma, has pointed out that StapkylO’ 
coccus aureus is occasionally associated with infertility. They 
found this species present in 28 per cent of their samples from 
normal animals and 42 per cent of their samples from difficult 
breeders. 

The failure to obtain any consistent evidence of bacterial in- 
fection in the difficult breeders in herds from which single 
samples were obtained emphasizes that bacterial infection is just 
one of the causes of difficult breeding. This probably accounts 
for the success reported by some workers with intra-uterine 
antibiotic therapy while others have failed to obtain beneficial 
results. To properly evaluate such treatments, the veterinarian, 
working with the herd owner, should carry out a bacteriological 
study concurrently with the therapy study. 

Again, other workers have estimated that about 20 per cent 
of cows require three or more services for conception and that 
6 to 7 per cent of the animals will be nonbreeders. Studies of 
these repeat breeding cows and heifers have indicated that 
fertilization may occur in 25 per cent of these difficult breeders 
or about five cows per 100. However, of the other 15 animals 
per 100 in which fertilization occurred, it was estimated that in 
about 12 to 15 cows the embryos died within the first 30 to 40 
days after conception. This would be an explanation as to why 
the conception rate would range between 80 and 90 per cent. 
Six to seven animals per 100 do not conceive. So, with the 
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original 6 to 7 per cent that are nonbreeders, plus the additional 
15 per cent that do conceive but lose their calves within the 
first month after pregnancy, the delivery of normal, healthy 
calves varies between 80 and 85 per cent. Gross abnormalities 
of the genital organs were observed in only 11 to 14 per cent 
of these repeat breeding animals. Of the specimens examined 
routinely in slaughtered cows and heifers, about 3 to 4 per cent 
showed sufficient abnormalities to cause sterility. This would in- 
dicate that perhaps half of the infertile animals could be expect- 
ed to show gross abnormal diseases. 

In a recent report from London a three-months-old fetus from 
a dairy cow in a farm where numerous abortions had occurred 
was examined within a few hours after abortion. Numerous col- 
onies of a fungus developed from a two-day culture of the nmni- 
otic fluid, the fetal membranes, the cotyledons and heart tissues, 
while all other tissues remained sterile. This is one of the early 
reports on the isolation of a fungus as causing abortion in cattle. 
The fetal membranes are normally expelled in eight to twelve 
hours after parturition. Should they be retained for a longer 
period, manual removal is generally practiced. A common sequel 
to abortion in brucellosis is retention of the fetal membranes. 
With viable, single calves, the rate of placental retention i.s 
three times as high in brucellosis positive animals as in bru- 
cellosis negative ones. The rates of placental retention in a scries 
of 542 parturitions appeared high in cases of abortion or stil - 
birth reeardless of whether the animals were positive to brucel- 
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tion inhibits the uterine defense mechanism. Greater numbers 
of bacteria were recovered from experimentally infected uteri of 
rabbits and cows in the luteal phase than from uteri during the 
follicular phase or from ovariectomized rabbits and cows. Pro- 
gesterone inhibited the bactericidal activity of the uterus against 
E. coli. Estrogen stimulated the clearance of the E. coli cells 
from the uterine lumeun. Ovarian hormones apparently influen- 
ced uterine defences through an affect on the leukocytic re- 
sponse. Progesterone prohibited the response whereas estrogen 
stimulated it. 

Infectious bovine rhinotracheitis (IBR) generally occurs after 
the introduction of new cattle. If adequate case histories are 
obtained, it will be found that feeder cattle, in which this se- 
quence has been consistently observed, have recently passed 
through several feed yards in-state as well as out-of-state. Its 
occurance in dairy cattle sometimes coincides with the impor- 
tation of replacement stock. 

The disease falls into two categories : a mild type, predomina- 
ting in dairy cattle and a severe type in beef cattle. The maxi- 
mum number of new cases on a daily basis usually occurs during 
the second and third week with the disease running its course 
by the end of the fourth to the sixth week. Occasionally it is 
persistant in the feedJot for several months. 

The onset of IBR is sudden. In dairy cattle an abrupt cessa- 
tion of milk production is the first indication of illness but, in 
beef cattle, the corresponding early signs are so mild that they 
may be detected only by those who have considerable experi- 
ence. Salivation, a slight serous nasal discharge, congestion of 
the nasal mucus membrane, a temperature from 104 to 108 
degrees or higher, or often manifestation of a certain amount of 
hyperexcitability, are the earliest definite observable signs. Res- 
pirations are accelerated and shallow, some degree of labored 
breathing is apparent, particularly if the cattle are moved or 
hurried. Lung sounds are essentially normal. Leukopenia has not 
been detected at any stage of the infection. In early reports on 
morbidity and mortality, a morbidity of 30 to 100 per cent was 
reported in the Colorado feedlots with a herd mortality of 2 to 
10 per cent. In an extensive and prolonged outbreak in a large 
feedlot in California, R. E. Hoadley found that of 7,200 animals 
on the premises, 22.1 per cent became infected and 12 per cent 
of the infected animals died. 
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inhibits the uterine musculature and overcomes the estrus activ- 
ity of the uterus, stimulates the uterine mucosa, causes glandu- 
lar growth and the preparation of the uterus for the fertilized 
ovum, aids in placental development, and inhibits the estrous 
cycle during gestation. When the fertile egg reaches the uterus, 
it becomes attached to the endometrium. 

Until attachment, the ovum is nourished by uterine milk se- 
creted by the cells of the normal mucosa and by glands. During 
the period of the embryo, from 10 to 45 days, the fetal mem- 
branes are formed and become attached to the endometrium. 
The embryo grows to about an inch in length. The period of the 
fetus begins at day 45 and lasts until parturition. The interval 
between parturition and the onset of first estrus ranges from 
32 to 69 days in dairy cattle and 51 to 80 days in beef cattle. 

Failure of estrus may be due to lack of pituitary function, 
various functional ovarian diseases, uterine interference, or, in 
rare instances, failure of the ovum to mature. Failure to ovulate 
may be the result of cystic degeneration of the follicles; a cystic 
or degenerative corpus luteum is believed to follow ovulation 
failure. The cystic corpus luteum is softer than normal and does 
not have the normal dimple on the external surface. On rare 
occasions, lack of fertilization may be due to the egg being 
caught in the fold of the ruptured follicle or inflammation of 
the ovaries with adhesions of the fimbriated end of the oviduct 
to the ovaries so that the ovum cannot enter the oviduct (in- 
flammation of the oviducts blocks them) or to infections which 
destroy or hinder the passage of the sperm or' fertilized ova. 
Unseen abortions occur up to the 60th day of g-estatJon but after 
that time abortion is usually recognized. Many early abortions 
are due to infection; others may be caused by a lack of a proper 
amount of progesterone or luteotrophic hormone. 

Trichomoniasis is not a common disease but it is a possibility 
which should not be overlooked in the herd fertility program. It 
is characterized by a fairly high incidence of reproductive fail- 
ure, early abortions and pyometra. Losses in affected herds are 
high. The venereal method of spread limits its overall losses in 
the cattle population as a whole. The causative agent, Tricho- 
monas fetus lives only in the genital tract, and infection occurs 
at the time of actual service or more rarely by using infected 
semen for artificial insemination. The most common symptom is 
infertility. The history of a prolonged period of difficulty in set- 
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tling a substantial number of females, the number of females 
showing prolonged and irregular heat cycles, early abortion, and 
pyometra is characteristic of the disease. Trouble starts shortly 
after the introduction into the herd of a new breeding female 
or a sire. 

Except in the case of very valuable bulls, treatment of the 
infection in the male is usually not practical, although recently 
success has been reported in treating infected bulls. Artificial 
insemination is one of the measures most useful in controlling 
the spread of this disease. 

Endometritis is often considered the most common cause of in- 
fertility; some 80 per cent or more cases in the volume of work 
on the subject indicate the economic importance. The forms of 
endometritis can be classified according to the type and e.xtont 
of discharge. They are; first degree (absent or intermittent); 
second degree (continuous mucopurulent) ; or third degree 
(purulent). It seems likely that the ratio of types is on the 
order of 6: 2: 1 from the first to third degrees respectively. 

Most commonly found bacteria are the staphylococci and E. 
coli with nonhemolytic staphylococci predominating and hemoly- 
tic streptococci not much less common. Coryncbactcriiim pyo- 
genes, as a secondarj’ invader, may be associated with 1^^ 

40 per cent of severe cases. Prognosis has usually been ' 
ered poor. Major emphasis in research work indicates t at .e 

second and third degree of metritis will be associatet wit em-v 

lytic strains of E. coli and staphylococci. The prognosis as 
found worst in high producing cows, which often pro\e rt an. 

trt frofifmonf 
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suiting in fetal starvation and death. The dead fetus becomes a 
foreign body and is expelled. 

The survival of Leptospira pomona outside the animal’s body 
seems to be related to the interaction of several factors includ- 
ing temperature, pH, moisture, the various constitutents of soil 
and water and the presence of naturally occurring microorgan- 
isms. Moisture was extremely important, these organisms sur- 
vived from 30 minutes in air dried soil to 183 days in soil super- 
saturated with water. 

Again, it has been pointed out that Leptospira pomona infec- 
tion normally spreads through contamination of the drinking 
water with infected urine. Infection spreads rapidly through the 
herd. Certain research workers collected urine samples from 17 
reactor heifers in an active outbreak of leptospirosis and found 
10 urine samples positive to leptospirosis. Other research work- 
ers infected animals in late pregnancy to determine the influence 
of the infection on the pregnant animal. One animal aborted 19 
days after infection. Another animal, 7 months pregnant, car- 
ried her calf to term. A third cow, 6 months pregnant, was in- 
fected and on day 13 required the use of caesarean section to 
deliver the calf, A fourth cow, 5 1/2 months pregnant when ex- 
posed to leptospira, aborted a well-developed dead fetus 20 days 
later. A sixth cow developed a more classic picture of leptospiro- 
sis, had a definite febrile response by the fifth day, positive 
leptospiral infected blood on the fourth and fifth day, and show- 
ed antibodies on the seventh day which reached a maximum 
antibody titer on day 25. Abortion occurred 47 days after infec- 
tion. Degenerating fetal membranes were seen protruding from 
the vulva and by manipulation of the unbroken membrane the 
dehydrated fetus was removed through the cervix. Approxi- 
mately 33 per cent of pregnant cattle exposed to field outbreaks 
of leptospirosis will abort. 

In another outbreak of leptospirosis, more than a third of the 
cows developed fever lasting from 1 to 2 days followed by a de- 
crease or cessation of milk production for 5 days. The milk se- 
creted was watery and of varied color, depending partly on the 
presence of blood and sometimes resembled colostrum. Flakes 
and clots were usually present. The udder was soft and flabby 
with no signs of acute inflammation. The man attending this 
group of cattle also developed an influenza-like disease and was 
serologically positive. It was recently reported that infection of 
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cattle at or immediately preceding estrus would interfere with 
conception. It is believed the uterus is normally conditioned so 
that the semen can be propelled into the oviduct where con- 
ception takes place. 

Vibrio infections can also be taken into the uterus and prevent 
conception by mechanical means or by inflammatory excitement. 
The major pathological changes observed by research workers in 
experimentally induced vibriosis were inflammation of the ovi- 
duct, inflammation of the lining of the uterus, and extensive 
generalized inflammatory edema of the fetal membranes. 

One of the leading authorities on reproductive disorders sug- 
gests that these four cardinal points should be emphasized : 

1. Are all of the cows examined daily for at least 15 minutes 
by one properly trained and interested in observing the animals 
for any abnormalities. 

2. The importance of the type and quality of breeding records 
kept on the herd. 

3. That the animals should be bred 60 to 90 days postpartum 

in order that any infection present at the time of parturition 
would clear before the animals were rebred. ^ ^ 

4. The importance of knowing that the animals being pur 

chased for addition to the herd were free of these diseases 
which could bring about lowered conception rates in the r 
herd. He stressed that animals declared to be free o in ^ ‘ 

diseases should be specifically examined ^ 

spirosis, virus diarrhea, infectious bovine _ 

tular vulvovaginitis, listeriosis, and whether any 

present which would indicate that certain fungi 

caused abortion. , . . „ render 

There is no greater service that breeding 

to the livestock producer than the nital organ., 

control program of periodic examination of t ^ 

Of the cattle. The results of such a program 
financially rewarding. Results obtain^ The main- 

three or four times the amount of the . J i-row hi. ex- 
tenance of accurate records enables the pro ^ operation 

act breeding status at all times so that he may plan hi. ope 
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There is a question about the importance of some of the vaginal 
infections as a cause of infertility in the cow or bull. 


True Reproductive Infections 
Trichomoniasis 

Trichomoniasis is seldom diagnosed in beef herds in Florida. 
Due to the importance placed on other factors that contribute to 
lower calf crops in many Florida beef herds, it is possible this 
disease is being overlooked. In states where surveys have been 
conducted to determine the incidence of trichomoniasis it has 
been found to be more common than suspected. 

Trichomoniasis is an infectious contagious disease causing 
abortions, repeat breeding and pyometria in the female. The dis- 
ease is confined to the genital tract and is caused by a protozoan 
parasite. It is a true venereal disease and is spread from infected 
to susceptible animals at the time of coitus. Transmission may 
also occur when contaminated semen is used artificially. Spon- 
taneous recovery occurs in the female if a sexual rest period is 
allowed, but infected bulls, unless treated, may remain carriers 
for life. There are no clinical symptoms to indicate trichomonia- 
sis infection in bulls. However, bulls exposed to infected females 
usually become infected. The trichomonads are confined to the 
prepuce and external parts of the penis. They may invade the 
urethral opening but rarely does the infection reach the second- 
ary sex glands. 

The laboratory procedures used for diagnosing the infection in 
bulls are microscopic examinations of washings or direct smears 
from the prepuce and culturing material from the prepuce. The 
former technique is used more frequently. In mild or prolonged 
infections several examinations may be necessary. When the 
organisms are found, a positive diagnosis can be made, but it 
may be necessary to breed a suspected bull to several susceptible 
virgin heifers and recover the organism from them before a 
positive diagnosis can be made. 

Bulls may be treated successfully, but treatment is often im- 
practical except when expensive animals are involved or certain 
blood lines are to be maintained. Treatment is time consuming, 
and the difficulties in determining an absolute negative status 
may make it uneconomical. Trypaflavine is the drug most com- 
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ly good results. However, treated bulls should be tested and 
proven negative before being exposed to susceptible cows. 

Whether or not to treat infected bulls would depend upon cer- 
tain circumstances. There would be no point in treating bulls 
that remain in infected herds. Re-infection would most likely 
occur since some cows remain carriers even though they breed 
and have normal pregnancies. From the knowledge that is avail- 
able about the new vibrio vaccine, there would be little need to 
treat bulls that are to be used in vaccinated herds. Valuable 
bulls and bulls with desired blood lines which are to be bred to 
negative animals should be treated. 


Systemic Infections 

Organisms capable of causing systemic infection include bac- 
teria, viruses, parasites, fungi, and others. After gaining en- 
trance to the body and reaching the circulatory system certain 
of these microorganisms and/or their toxins may invade certain 
tissues of the reproductive system as well as other tissues of the 
body. When this occurs an inflammatory process generally takes 
place at and around the point of infection. The inflammatory 
process may result in temporary or permanent damage to certain 
tissues responsible for the development, storage, transporta- 
tion, and nutrition of sperm. 

Another factor associated with systemic infection which may 
affect reproduction is body temperature. Proper functioning of 
the testicles requires a temperature lower than the normal tem- 
perature of the body. High and prolonged body temperatures 
may affect the tissues where spermatazoa originate, as well as 
quality of mature sperm. There may be a decrease in the num- 
ber of sperm produced and an increase in the number of morpho- 
logically abnormal spermatazoa. High body temperatures may 
also decrease longevity of mature sperm, resulting in a high 
percentage of dead spermatazoa and a reduction in motility. 

The same effects may be produced in bulls subjected to pro- 
longed high external environmental temperatures not associated 
with systemic infections. A further factor associated with sys- 
temic infections which may influence the bull’s ability to breed 
is weakness resulting from the debilitating effect of the infection 
and possible loss of libido. 
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Brucellosis, commonly called Bang's and contagious abortion, 
is a systemic disease affecting reproduction. It is caused by the 
organism Brucella abortus. Natural infection occurs most com- 
monly through ingestion of food, water, and other materials 
contaminated with brucella abortus organisms. Infection may 
take place, but not likely, through skin abrasions and the mucous 
membranes of the eyes and nose. Infection in the cow may also 
occur from artificial or natural service with infected semen. The 


organism, after being ingested, enters the blood stream and 
from there localizes in some part of the body. In the cow it is 
generally the uterus, lymph nodes, and udder; in the bull, the 
testicles, secondary sex organs, and joints. For some unknown 
reason bulls appear to have more immunity against brucellosis 
than cows. However, some do develop the infection. When infec- 


tion does occur it frequently localizes in the reproductive system 
and may be shed in the semen. Visible symptoms that may be 
suggestive of brucellosis infection in the bull are limited to swell- 
ing of one or both testicles and surrounding tissues. Occasionally 
infection will localize in a joint causing inflammation and swell- 
ing. These symptoms are not specific for brucellosis but when 
observed in the bull, brucellosis should be suspected. As in the 
cow, the blood agglutination test is the most widely used diag- 
nostic method of determining infection in the bull. This test 
identifies infection regardless of where the infection may lo- 
calize. A semen agglutination test may be u^d to^ dete^me 
localization in the testes or other sex glands. There is no treat- 
ment for brucellosis infection in cattle. Positive animals should 
be removed from the herd and slaughtered immediately follo^v- 


ing identification of the infection. 


Leptospirosis 

Bulls may become infected with both 
of leptospirosis. The disease is "f w 

diseaL. However, pregnant cows that 'Vaase ^ 

tospirosis may abort. The severe form i , j 

temporary decrease in normal ° ‘ „n! 

fever and or^aU recovered 

f^m L1t*sistt^f;^ihi.ity- of .spreading the infection in 
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their semen and urine. Infective leptospirosis organisms are shed 
in the urine for several months following recovery from symp- 
toms of infection. Since semen is ejaculated through the urethral 
opening, infection may be transmitted in this manner. 

Infectious pustular vulvovaginitis 

Infectious pustular vulvovaginitis (IPV) is caused by a virus. 
The disease is reported as being the venereal type of infectious 
bovine rhinotracheitis (IBR) infection commonly known as Red 
Nose. Primary lesions of IBR occur in the upper respiratory 
tract, while those of IPV occur in the vagina of the cow and the 
penis and prepuce of the bull. The two infections are thought to 
be caused by identical viruses. IPV has been described under 
different names, coital exanthema probably being the most com- 
mon, others being vesicular vaginitis and vesicular venereal dis- 
ease. Principal symptoms in the bull are pustules, ulceration, 
and severe inflammation of the penis and prepuce. Barring sec- 
ondary infection recovery is spontaneous in a few days to several 
weeks. However, scar tissue causing strictures and adhesions 
may occur during the healing process of the affected tissue. 
There is no effective treatment against the virus. Antibiotics 
and other types of medication are beneficial in curtailing second- 
ary infection. 

It is generally thought that IPV does not affect semen produc- 
tion, but bulls may refuse to mount while active lesions are pres- 
ent due to pain. Occasionally, permanent inability to breed nat- 
urally may occur because of adhesions and strictures. 

Granular venereal disease 

Granular venereal disease is sometimes called infectious vagini- 
tis, granular vaginitis, and nodular vaginitis. A cause for the 
condition has never been positively identified, and experimental 
transmission has been unsuccessful. Some authorities think the 
disease is universally distributed and that almost every cow has 
the disease at some time during her life. 

In the bull, the lesions are confined to the penis and sheath. In 
mild infections, blister like lesions occur on the mucous mem- 
branes. In severe cases in addition to the above mentioned les- 
ions the mucous membranes become inflamed and there may be 
a purulent discharge. 

Normally recovery occurs in three to four weeks in cows, but 
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insy tslcB SGvsral months in the hull. If the lesions nre extensive 
enough, bulls will refuse to service cows. 

Nonspecific infections 

Infections of the reproductive organs of the bull may be caus- 
ed by organisms other than those associated with specific dis- 
eases. These may include certain, rickettsia, viruses, fungi, 
different types of internal or external parasitic conditions, and 
bacteria such as streptococcus, staphylococcus, corj'nebactcri- 
um, paseurella, and many others. Temporarj’ or permanent in- 
fertility may occur as' a result of inflammation, abcess forma- 
tion, adhesions, degeneration, or other pathologic changes that 
might be caused by infection with these organisms. Also these 
organisms may be transmitted to the female by natural or arti- 
ficial breeding. 

Only a limited number of conditions which may afTcct repro- 
duction in the bull have been mentioned here. Other.s that wc 
have not mentioned are endocrine imbalances, nutritional, para- 
sitism, congenital defects, inherited traits, psychic and trnum.'itic 
conditions. 1 would like to say in closing that frequently there 
a relationship between some of these conditions and the suscep- 
tibility of bulls to some of the infectious di.«cascs which we h.avc 
mentioned in this paper. 
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Checking Bulls for Breeding Soundness 


Checking bulls for potential breeding soundness has become a 
routine practice on many livestock farms. Surveys indicate that 
approximately 10 to 12 per cent of the bulls tested are either 
questionable or unsatisfactory potential breeders. This percent- 
age seems to be rather consistent where surveys have been 
conducted. To some people here in Florida, one out of ten or 
twelve bulls may not seem exceptionally high when we consider 
that three or four cows out of ten, on the average, do not calve 
each year. 

Where 12 to 15 bulls are used to service 300 cows on im- 
proved pastures under fairly close confinement, the loss in bull 
power because one or two of the bulls are unsatisfactory is not 
too critical. However, on large ranges where small groups of cat- 
tle tend to band together, and in small herds where only one 
or two bulls are used, the calf crop may be nil or very low if 
an unsatisfactory bull is used. Another factor for consideration 
is the investment and upkeep on an animal that has little or no 
chance of making a financial return. 

Prior to 1952 very few range bulls were being evaluated for 
breeding soundness. It was not until the late 1940’s that a 
practical method for collecting semen became available. Also 
prior to this time there was no uniform or standard criteria 
being used for evaluating semen from bulls used for natural 
service. Today there are several models of electroejaculators 
which make semen collection possible and practical, and a stand- 
ard set of criteria is now being used to evaluate semen. 

About 1950, a group of research veterinarians at Colorado 
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State University along with practicing veterinarians in Colorado 
and surrounding states formed an organization to assimilate 
information and develop standard procedures for determining 
the potential breeding soundness of bulls to be used for natural 
service under range conditions. Through data supported by re- 
search, as well as reasoning, and personal experience from test- 
ing several thousand bulls standardized techniques and criteria 
were developed. Through short courses and schools conducted 
by this organization, many veterinarians throughout the United 
States are now using this method for evaluating a bull’s potential 
ability to breed and settle cows. 

Generally, testing bulls for breeding soundness is done for 
two reasons. One, the producer wants to be reasonably sure that 
the bull to be used during the coming breeding season is capable 
of settling on first service a high percentage of the fertile cows 
he breeds and, two, to determine the potential breeding status of 
bulls for sale or purchase. 

The evaluation of bulls for potential breeding soundness is 
based on two factors: semen quality and physical traits. The 
correlation and wise evaluation of all factors found on a careful 
physical exnmination and semen test is essential because certain 
standards must be met in each area before a bull can be cln^si. 
fied as a potential satisfactor>' breeder. 
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live and dead spermatazoa in the sample. Each criterion is di- 
vided into letter grades: (1) VG=very good; G=good; F=fair; 
and P=poor. Each grade is assigned a numerical score and 
when added together gives the total semen score. The percentage 
of the total score arbitrarily assigned to each grade is based on 
the importance of each criterion used in the overall evaluation of 
semen. For example, in the two top grades, very good and good, 
vigor receives the highest percentage of the total score, mor- 
phology is second, concentration and per cent alive third, and 
fourth respectively. In the two lower grades, fair and poor, con- 
centration is given a higher value than vigor or morphology. 

Three classifications are used for designating potential breed- 
ing soundness. They are: (1) satisfactory prospective breeder, 
(2) questionable prospective breeder, and (3) unsatisfactory 
breeder. Bulls placed in the satisfactory prospective breeder 
group are physically fit and have a semen score of 60 or above. 
Bulls meeting these requirements are considered to be capable 
of settling on first service not less than 50 per cent of the fertile 
cows to which they are bred. 

Bulls are placed in the questionable prospective breeder classi- 
fication for several reasons. They are: (1) when there is a 
question as to whether a truly representative sample of semen 
has been collected for examination, (2) when semen scores 
range between 59 and 30, and (3) when there is a question 
regarding recovery from a physical defect. Some bulls in this 
group may change for the better while others degenerate fur- 
ther. In most instances, questionable bulls should be rechecked 
at a later date. Bulls in this classification would be expected to 
settle a few cows, but the conception rate would probably fall 
well below 50 per cent on first service. 

Bulls classified as unsatisfactory breeders have obvious physi- 
cal defects with little or no chance for recovery and/or a semen 
score of less than 30. 

This method of testing and evaluating bulls for breeding 
soundness is not infallible, but it does, however, provide a guide 
and facilitates standardization of techniques for examining and 
evaluating bulls for potential breeding soundness. It also affords 
a more accurate means for recognizing and recording changes 
in semen quality that may occur between two tests conducted by 
different veterinarians or between tests by the same veteri- 
narians. 
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We were asked to discuss costs for examining bulls for breed- 
ing soundness. We will not attempt to say what the fee should 
or should not be. Nor will we imply that the fees mentioned here 
are those that will be charged by a veterinarian. Ten dollars is 
the common fee charged by veterinarians in Florida and through- 
out the United States who use the standardized techniques we 
have just described. However, fees ranging from $5.00 to $15.00 
per bull have been reported. 

In Florida, the $10.00 fee per bull generally includes the trip 
cost if ten or more bulls are tested on one trip. If less than ten 
bulls are involved, an additional fee for the trip will probably be 
charged. When deemed advisable by the owner and veterinari- 
an that questionable potential breeders be rechecked at a later 
date, the original $10.00 fee includes the recheckfng but does not 
necessarily include the trip fee. This is a detail that should be 
worked out at the discretion of the owner and veterinarian. 

In summary — evaluating bulls for potential breeding sound- 
ness is another tool available to cattle producers for improving 
and maintaining calf crop percentage. When the test is conduct- 
ed by a qualified person using the accepted standard procedures 
as outlined above the producer can be reasonably sure that for 
the current breeding season, the bull classified as satisfactor>’ 
will be able to settle on first sen’ice, at least 50 per cent of the 
fertile cows to which he breeds. The test also helps eliminate 
maintenance and other costs associated with unsatisfactorj* and 
sometimes questionable bulls for which there is little or no pos- 
sibility of making a return on investment. 
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Interstate Disease Control Regulations 


Frankly, I cannot think of many topics other than those involv- 
ing pure statistical data which are more capable of boring an 
audience than those of citing regulations. The “dos and don'ts” 
— or perhaps it is better expressed by the “can’ts and cans” 
involved in the transportation of livestock appear as a maze so 
complicated to the average producer as to be incomprehensible. 
And, naturally, the “can’ts” always outnumber the “cans.” Try 
as one may to break the subject down into A, B, C language, it 
is most difficult for the majority of species of livestock. This is 
particularly true of cattle. 

This confusion is due in large part to the fact that these 
regulations which are drawn up basically in complicated veter- 
inary terminology must be framed in the vernacular of the legal 
profession as well as for the purpose of withstanding the on- 
slaught of attorneys when.challenged in the.courts of our nation. 

So, I am not so sure that anyone — the producer or shipper, the 
veterinarian who issues the health certificate, the lawyer who 
defends or challenges the laws under which they are promul- 
gated, or even those who interpret or enforce them — fully un- 
derstand in all instances the original intent of the various regu- 
lations. They often differ considerably in language from what 
they contained when first proposed. 

Frequently it appears the regulations are so complex that ‘ 
they tend only to defeat their designed purpose. As such, they 
are subjected to considerable ridicule and abuse. It must be 
remembered, however, that these interstate regulations were 
promulgated and adopted for the purpose of protecting the health 
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Of the state’s livestock industry by public spirited producers who 
conscientiousiy feit they were doing the right thing in the inter- 
est of the entire industry. If accepted in this light and in a 
spirit of cooperation, interstate regulations, as complicated and 
controversial as they may seem, serve a most useful purpose— 
that of assuring a continued healthy livestock industry. 

In order to get the proper insight on this complex problem, 
perhaps it would be well to present some background on the 
reasons for having them and the methods of developing inter- 
state health regulations on a national and state level. 

Each state has the right to enact laws and promulgate regula- 
tions for the admission of livestock. Further, it is the preroga- 
tive of the individuai states to set forth and to define policies 
and procedures in their attempts to prevent and to control trans- 
missible diseases of animals. In fact, if the iivestock industry of 
a state is to survive it is mandatory that producers and regula- 
tory officials adopt and rigidly enforce such health measures as 
are necessary to assure this. 

The controi of contagious or transmissible diseases or their 


prevention thereof serves a dual purpose; primarily, to protect 
the public heaith; secondarily, to protect the economy of the 
industry. It is an established fact that the livestock industrj- 
is the keystone of the arch of agriculture which, if it is to re- 
main profitable, must continue to remain healthy. 

Each livestock regulatory official is charged with the responsi- 


bility of enforcing those law's and regulations which serve to 
prevent, control, and eradicate dangerous transmissible disea.sca 
of livestock. It is the responsibility of the producer whose in- 
terest he serves to insist that such mandates be carrierl out. In 
so doing, a static or receding dise.ase incidence may be m.ain- 
tained, and the introduction of c.\otic diseases which are poten- 
tially disastrous to the industry can be minimized. 

Interstate regulations should foremost and specifically he <!e. 
signed to prevent and to control transmissible disea,.es, and 
should never be promulgated unless and until they beco.-ne n«es- 
saty from a disease prevention and control stai^point. Othe.-- 
wise, there will be la.xity in their enforcement. They w.Il tem. 
to be disregarded by the importer, and will serse me.-e!.. to 


"clutter the books.” . 

Now let us take a look as to how thwe 
They do not just happen without a re^ to w 


'jf .t. 

V. 
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Sixty-nine years ago a group of men assembled in Fort Worth, 
Texas, from several states in an attempt to solve the problem 
of some diseases which cattle were spreading along their route 
of travel, from the Southwest to the marketing centers in the 
midwestern section of the nation. Then, as now, livestock pro- 
ducers of this country were faced with problems of overcoming 
economic losses occasioned by infectious and contagious diseases. 
Looking back in retrospect, from our years of experience, we 
might view the enigma of cattle fever tick and scabies eradica- 
tion as minor when compared to the problems and losses con- 
fronting the livestock industry today. These, however, were the 
first matters with which this group was concerned. This group 
has grown immensely and is now known as the United States 
Livestock Sanitary Association. This body, composed of livestock 
and regulatory people from each of our states and with member- 
ship from throughout the world, meets regularly to discuss live- 
stock health problems. They work out and eventually formulate 
guidelines on policies and procedures in controlling and eradicat- 
ing diseases across the nation in the form of recommendations 
to industry groups. Since its organization in 1897, this associ- 
ation has endeavored to correlate scientific information, sound 
thinking, and practical experience in infectious livestock disease 
control. They have become the agency which, through the years, 
has been primarily responsible for formulating and conducting 
livestock sanitary disease control programs necessary to effect 
a profitable livestock industry and maintain a balanced agricul- 
tural economy. How long the association remains the effective 
agency it has been in the past will be determined by the manner 
in which it meets and solves the problems continuing to confront 
it yearly. 

In many areas of disease control the recommendations of this 
group can be accepted by all states, thereby establishing criteria 
by which certain diseases may be effectively controlled with a 
minimum number of problems. This is not true, however, in the 
establishment of uniformity in laws and interstate regulations 
for most species of livestock. With cattle it has seemed almost 
an impossibility to adopt uniform regulations wherein they could 
be transported into all of the states under the same testing or 
certification procedures. For instance, and speaking of cattle on- 
ly, each state, or at least group of states within a given area, 
is interested in certain phases of production, such as raising 
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grazers or feeders, dairy cattle or purebred breeding cattle — and 
the laws of these particular states are enacted to best ser\'e 
these interests. Likewise, the interstate regulations of each state 
are designed primarily to protect the phases of livestock produc- 
tion common to that state. 

Even within the industry of a given state there are conflicting 
interests. Factors vital to the development of the industrj' in one 
state may be of little importance in another. Livestock disease 
control programs which exactly fit one state or area may seem 
unnecessarily stringent or entirely inadequate in another. 

In spite of these variances there has been an intense desire 
throughout the nation to achieve uniformity in these regulations. 
In reviewing the proceedings of the United States Livestock 
Sanitary Association for each of the past twenty-five years it is 
apparent that this is gradually being brought about. Perhaps in 
another twenty-five years this will be achieved. 

The rattlp disease area in which there is the Rreatest diversity 
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Were I to attempt a discussion of the requirements of all states 
it would take too long. There is a 300 page booklet available 
•with a compilation of those requirements for all states. 

All cattle consigned to Florida for any purpose other than for 
immediate slaughter at approved establishments, or feeder 
steers held isolated at their destination, must be accompanied by 
an official health certificate issued by an approved veterinarian 
in which he sets forth sworn data on the cattle contained in the 
shipment. This certificate is a legal attestation that the veter- 
inarian signing it has conducted the necessary examinations and 
has found the animals free of infectious communicable diseases. 
An improperly prepared health certificate or one which is issued 
without the shipment being in full compliance with the require- 
ments of the state of destination is not only worthless, but 
subjects the seller and buyer to possible prosecution for viola- 
tion of interstate shipping regulations. Furthermore, it jeopar- 
dizes the accredited status of the veterinarian which would pre- 
clude his participation in any of the official programs of the state 
or federal government. 

All vehicles transporting cattle into Florida for any purpose 
must be cleaned and disinfected under approved veterinary 
supervision and so certified by him. No cattle infested with or 
exposed to cattle fever ticks, scabies or screwworms shall be 
imported into the state for any purpose. Apparently healthy 
cattle of strictly slaughter type to be used only for immediate 
slaughter may be imported into Florida without health certifi- 
cate or negative brucellosis and tuberculosis tests if consigned 
to approved slaughtering plants and killed within ten days after 
arrival. Steers for feeding purposes may be imported without 
a health certificate or negative tests provided they are main- 
tained at a destination separate and apart from dairy and breed- 
ing cattle. These are the relatively simple parts of Florida cattle 
import health requirements. The tuberculosis requisites are not 
quite that simple, but really are not too involved. 

Tuberculosis 

Cattle may be imported into the state without an additional 
tuberculin test provided they are identified on official health cer- 
tificates as originating in : (1) tuberculosis free accredited herds ; 
or (2) qualified negative herds from modified accredited tuber- 
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culosis free areas wherein all cattle in the herd have passed 
negative tuberculin test within twelve months prior to entry. 
Cattle imported must have been part of the herd at the time of 
the last herd test. 

Cattle including steers from herds not under quarantine for 
tuberculosis may be imported without tuberculin test provided 
they are consigned to a state-federal approved stockyard. All 
such cattle except steers sold for consignment to premises 
wherein they are maintained separate and apart from dairy and 
breeding cattle, and animals sold for consignment to recognized 
establishments for immediate slaughter, must pass negative tu- 
berculin test at the stockyard prior to sale or before leaving the 
stockyard. In the case of cattle not completing tuberculin test 
prior to sale, such cattle must be penned in facilities separate 
and apart from other cattle and may be sold through regular 
sales ring after sale of all other cattle has been completed. This 
is provided, however, that tuberculin test will not be required on 
cattle for other than dairy purposes imported under this sub- 
section which originate in areas in adjoining states within a 
radius of twenty-five miles of the state-federal approved stock- 
yard to which they are consigned. 

Cattle not meeting requirements of paragraph (A) or (B) 
above may be imported into the state provided they originate 
from herds not under quarantine for tuberculosis and have pas- 
sed negative tuberculin test within 30 days prior to date of entry. 

Steers from herds not under quarantine for tuberculosis m.ay 
be imported without tuberculin test provided they are main- 
tained separately and apart from dairy and breeding cattle. 

All cattle imported into Florida for dairy purposes arc subject 
to retest for tuberculosis not earlier than 45 days nor later than 


60 days after entrj' into the state. 

At the present time we arc operating under a set of brucello- 
sis import requirements that are antiquated with respect to the 
progress which is now being made on eradication of thi.s disea-e 
from both a state and national standpoint. Recently the Florida 
Animal Industry Technical Committee (formerly the Florida 
Livestock Board) considered, in consultation with oilcial rep.'e- 
sentatives of Florida’s cattle and dairy aswiations and ahh«i 
industries, a set of streamlined regulations which would not only 
be in keeping with the pace which we are setting n ith brvce..o‘ < 
elimination, but which will al.so bring about greater unifo.-mi.y 
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in our requirements with those of other states. Anticipating 
that these will probably be formally signed and adopted by the 
Florida Commissioner of Agriculture within the next month, and 
by the time this book is published, I will discuss these rather 
than existing brucellosis import regulations. 

Brucellosis 

Cattle for dairy and breeding purposes must be accompanied 
by an ofRcial health certificate and must meet one of the follow- 
ing requirements: 

1. Cattle originating in an individually certified brucellosis 
free herd, certified brucellosis free area, or modified certified 
brucellosis area must be negative to official brucellosis blood test 
conducted within 30 days of the date of entry. Calves under six 
months of age and official calf vaccinates under 30 months of age 
which are not parturient or post parturient are exempted from 
the brucellosis test requirement. 

2. Cattle officially vaccinated against brucellosis, between the 
ages of four and eight months, must be accompanied by certi- 
ficate or record of vaccination issued by the chief livestock 
sanitary official of the state where the animal was vaccinated. 
Official vaccinates over 30 months of age and those under SO 
months of age which are parturient or post parturient must be 
negative to official brucellosis blood test conducted within 30 
days of the date of entry. Bulls vaccinated after April 15, 1964, 
will not be considered as official vaccinates. 

3. Cattle originating in certified herds or herds not under 
quarantine for brucellosis in certified brucellosis free areas or 
modified certified brucellosis areas may enter the state without 
brucellosis test provided they are consigned to a state-federal 
approved stockyard. Such cattle sold for other than immediate 
slaughter must have negative brucellosis test before leaving the 
stockyard. 

4. Cattle over 6 months of age not meeting the requirements 
of sub-paragraph 1, 2, or 3 above must be negative to an official 
brucellosis blood test conducted within 30 days prior to the date 
of entry. Special permit must be obtained from the state veter- 
inarian of Florida prior to the shipment of cattle. Cattle per- 
mitted under this sub-paragraph must be isolated at destination 
for a period of 30 days and tested for brucellosis at the end of 
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the isolation period. Cattle not negative to this test must be dis- 
posed of for immediate slaughter. 

5 . Calves under si.x months of age must be covered by official 
health certificate showing that they originated in negative herds 
under federal-state supervision. 

Cattle for feeding purposes must meet the following require- 
ments : 

^ 1. Steers may be imported without health certificate, vaccina- 
tion certificate, brucellosis, or tuberculosis test provided they 
are maintained separate and apart from dairy and breeding cat- 
tle. 


2. Bulls and female cattle of recognized beef type from herds 
not under quarantine may be moved to feed lots designated and 
approved by the Florida Department of Agriculture wherein 
cattle are maintained separate and apart from dairy and breed- 
ing cattle without vaccination certi/jcate, brucellosis or tuber- 
culosis test, provided they are accompanied by a special permit 
from the state veterinarian of Florida. 

The request for permit required by this section shall include 
the name and address of the consignor, the number of animals 
to be shipped and the exact place of origin and destination. 

All cattle moved into the state under this section shall be 
accompanied by a certificate issued by a federal or state in- 
spector or an accredited veterinarian showing the name and 
address of the consignor and consignee, breed, age and number, 
and that the cattle have been electrically or otherwise hot brand- 
ed with the letter "‘S” not Jess than two inches in height con- 
spicuously displayed on the left jaw, and that such cattle are 
being moved for feeding purposes. 

Cattle moved into Florida in accordance with this section shall 
be held on the premise of destination, segregated from daiiy and 
breeding cattle, and may be moved only for immediate slaughter 
to a recognized slaughtering establishment. 

Cattle moved into Florida in violation of this section shall be 
immediately consigned to slaughter at a recognized slaughter- 
ing establishment, and such violation shall subject the fee<I lot 
to revocation of its status as a designated and approved feet! 

lot. , , 

Apparently healthy cattle of strictly slaughter type to be u-e,! 
onlv for immediate slaughter may be imported into the salte 
without health certificates, negative brucellcis or tule.-cu.o-M 
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test, provided such cattle are consigned to recognized slaughter- 
ing establishments within the state. Such cattle shall be slaugh- 
tered within 10 days after arrival at destination. 

All tests for brucellosis required under this section shall be 
conducted in a state or federal laboratory. 

Livestock regulatory ofTicials in carrying out their duties are 
at times criticized by livestock men and dealers for causing, 
what seems to them, unnecessary interference in the free move- 
ment of their animals. However, without the support of the 
herd owner, cattle dealer, veterinarians, and other participating 
agencies in preventing and controlling diseases, regulations de- 
signed to obtain desired results will fail. Honesty, integrity, and 
cfTiciency on the part of all who participate in the breeding, rais- 
ing, selling, testing, certifying, or otherwise handling of live- 
stock, makes for confidence between the seller and buyer and 
regulatory officials. This is essential to a healthy and profitable 
livestock industry and the free movement of livestock between 
the states. 
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and fertility in bulls, therefore the breeding season should be 
controlled in both length and time. A short breeding season also 
allows calves to be born ahead of the period of maximum forage 
quality and quantity so cows will be on the best forage during 
the breeding season. This provides the best environment for the 
cow to return in heat following calving and also is at a time of 
lowered temperature so the bull will be at maximum fertility. 

In areas of high summer temperatures, natural shade should 
be provided whenever possible as a protection from solar radi- 
ation as well as to reduce atmospheric temperature. If natural 
shade is not available, artificial shades can be built to give 
similar protection. Studies at the Louisiana Station have shown 
increased calf gains up to weaning time in cows having access to 
shade during the summer months. 

A program of disease control should be followed in all herds 
for maximum fertility. One of the best practices is to vaccinate 
all replacement heifers between four and eight months of age 
with brucella vaccine to immunize against brucellosis. All pur- 
chased bulls should be checked for the various reproductive dis- 
eases before purchase to avoid introduction of disease into a 
clean herd. 

Fertility can be improved by culling females which do not 
become pregnant and selecting replacement heifers from cows 
and bulls with a record of high reproduction. It is a good plan 
to cull all heifers not pregnant after the first breeding season, 
thus eliminating heifers with permanent anatomical or physiolog- 
ical barriers to reproduction. Also, this is a good economic 
practice since such two-year-old heifers are usually fat and bring 
a good price. By selling such nonpregnant heifers in the fall 
the cost of wintering a non-producing female is saved. Where 
the reproduction rate is very low, cows that wean a calf in the 
fall but are not pregnant may have to be held over for the next 
breeding season. However, such cows should be identified so 
they are automatically culled after they fail to become pregnant 
at another breeding season. By following the above program at 
the Beef Research Unit near Gainesville, Florida, the pregnancy 
rate increased from 42 per cent in 1953 to 93 per cent in 1963. 
As the pregnancy rate increases above 80 to 85 per cent, all 
nonpregnant females should be culled and replaced by saving 
additional numbers of replacement heifers. 
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Future Beef Cattle Breeding Programs 


Those of us who have the temerity to give speeches about the 
future— and especially those of you who listen to such speeches 
—should start by reminding ourselves that predictions are al- 
most never fulfilled in their entirety. Perhaps onlj rare > are 
they correct in broad outline. , 

Before going any further, I want to stress that the opinions 
expressed here are completely my own. In no manner anomd the} 
be construed as official predictions of the United States Depar - 

ment of Agriculture. . nnri 

For the most part, we can only examine present trends and 

assume they will continue. 

This assumption can be dangerous, an can , 
own experience for a shining example of this 
1936, just over 31 yoars ago I t«k my fms un^^ 
agricultural economics. In it we v reach a peak 

of the United States would tfen,^ 

of about 150,000,000 in the ea assuming the low birth 

downward. The error made was ^ 

rates of the depression jears United States, 

manent characteristic of ''. j, in beef cattle breed- 

To make predictions about future trends in b«f 

ing, we must perforce make as the future rolii 

teristics of the countrj' we v.i influe'’ce, perhap-! the 

by. This will certainly be - will nl.1 a.cd t.he 

most important one. on the ki pro,Jjce t.'-e.-r. irr.-t 

kinds of breeding programs we will u.-e P- 

effectively. 
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Recent careful studies (Landsburg, 1964) led to average pop- 
ulation predictions of 245 million by 1980 and 330 million by 
the year 2000. Minimum and maximum predictions for the year 
2000 were 270 and 430 million. We will have to accept these 
projections with some reservations, just as I think we should 
have in 1936. However, they are undoubtedly more soundly bas- 
ed than those of 30 years ago. 

Let us assume that the average of the population projection 
proves to be the case. It then appears that the American per- 
son can continue to have 100 pounds of beef per year to 2000 or 
thereabouts. This assumes moderate improvements in crop 
yields and in efficiency of livestock production. With these, it 
should be possible for us to maintain present general production 
methods, utilizing large amounts of concentrates for cattle fin- 
ishing. Actually, there will probably still be a land surplus, with 
correlated crop surpluses, past 1980. By 2000, land availability 
is likely to be a bit under need. A probable resulting tendency 
will be emphasis on beef production from forages. After that, 
competition for concentrate supplies is likely to become keener. 
The future of the beef industry will be a bit uncertain. 

It is thus apparent that in discussing the future we will 
have to specify which future we*re talking about. The immediate 
future, i.e., the next 15 or 20 years, may see one set of trends. 
The intermediate future of the next 35 to 40 years may see 
inception of a new set of trends. The long-range future may 
present quite a different picture. Of necessity, we will talk to- 
day mostly about the immediate and intermediate futures. 

Quite a bit of what I will say is speculation about things which 
could happen. Actions taken by cattlemen, especially seedstock 
producers, will have a lot to do with whether or not they do 
happen. 

Logically, we can’t separate our predictions about trends 
which may occur in breeding practices in seedstock and in com- 
mercial herds. They are very much interrelated. However, for 
convenience we will attempt to look at them separately. 

First, what are some likely trends in breeding practices of 
commercial herds? 

1. Acquisition of sires or semen on basis of predicted or prov- 
en ability to sire offspring with maximum inherited potential for 
producing a quality product economically. 

Briefly, this means that sires will be selected on records — 
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their own and those of the strains, lines, or families from which 
they come. 

The rate at which this occurs for a species seems to be di- 
rectly related to the generation interval and reproduction rate. 
Crop breeding was almost wholly converted to the basis of rec- 
ords 30 years ago, in poultry the conversion was essentially 
completed 20 years ago and the conversion in swine is well 
underway. Because of the ease of measuring performance in 
dairy cattle, and in spite of their slow reproductive rate, the 
conversion is far along. Beef cattle are behind, but I look for the 
conversion to be nearly complete by 1980. 

It is further along already than many realize. From a standing 
start in 1953, over 400,000 cows were in organized performance 
testing programs in 1964. 

This by no means indicates that the human eye will be com- 
pletely replaced as a tool in making selections. 'Vheat and com 
breeders still use the eye to pick out the individuals or lines 


subject to lodging. ^ 

It does mean that the use of the eye will be geared to evaluate 
economically important characters-particularly Pot™‘ " 
cass yield. The observations will be made systematicallj and 
they will become part of the records. „„rfnrmnnce 

However, present useful m 

and potential carcass quality will be and are hkelj 

replace “eye ball” judgment to an ever incrcasi - ^ 

we have put thin discussion ot -ords underjbe headi 
commercial production. Actuaii>, aopfiatock man is 

records will be kept - TrSur'e ofcL- 

the one who will keep the ■'ecord herds, 

mercial men— for sires that will “ ® j. , j present tech- 

2. Increased use of '."'"'"''’“‘‘“".‘tmmercial herd,, 

niques are making this prac ic. ^ jp^,,ni^ue 3 themselve,. u*'- 
Even if no advances are "’“d® m • ■ j.-rease Thi., will be 
of the process in commercial in the quest 

because elevated levels effective use of A.I. i-"- more 

for increased efficiency, wi ^ conclusion that fu.'ther 

herds. Further, it is almost » them applmable 

research will improve A.i. twr 

to more herds. ^fr,eier.t prodcctior. zr.'l 

I am sure we all ' i if thli Li tn:e. cf 

of product are under genetic control. If th- 
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the top 3 to 5 per cent of all sires will on the average produce 
offspring superior to the average of those that would be sired 
by the top 50 to 75 per cent of those produced in seedstock 
herds. 

This is the basic fact which will make A.I. increase. It will be 
equally true no matter how much seedstock herds improve. 

How fast will use of A.I. increase in commercial herds? No 
one can now forecast this accurately. Practical difficulties make 
it unlikely that the increase will occur overnight. However, it, is 
not unlikely that by 1980, 35 to 50 per cent of beef cows will be 
artificially inseminated. The percentage of commercial beef cows 
artificially inseminated is now slightly greater than it was for 
dairy cows in 1945. About 45 per cent of dairy cows are now 
artificially inseminated. Thus, the increase projected for beef 
cows is comparable to that attained in dairy cattle in the past 
two decades. 

The commercial industry in many parts of the nation today is 
based on production of high grades, i.e., breeding generation 
after generation to bulls of a single breed. Obviously, after a few 
generations of breeding commercial cows to the best bulls of a 
breed through use of A.I., the best bulls produced in commercial 
herds would be as good as those in seedstock herds. There are 
those who fear that these bulls will be used and that A.i. will de- 
stroy the seedstock industry. This could happen, but I believe 
two things will prevent it. First, we will see increasing speciali- 
zation. As a result, economics of production will tend to preserve 
the seedstock herds. Second, the next item to be discussed will 
effectively atop selection of commercial bulls from commercial 
herds themselves. 

3. Increased exploitation of hybrid vigor. 

In most cases this will mean crossbreeding. This is nothing 
new to Florida cattlemen. However, in many parts of the country 
it is looked upon as a radical idea. 

We don’t have the time to make a detailed review of current 
research on the subject. In essence, however, a clear picture is 
emerging. Properly designed crossbreeding systems have the po- 
tential of increasing efficiency of production from 5 to 16 or even 
20 per cent as compared to the average of purebreds by the 
same parents. A high proportion of the increase is due to higher 
reproductive rates and lower calf death losses. These characters 
do not respond easily or rapidly to selection for improvement. 



FUTURE BEEF CATTLE BREEDING PROGRAMS 


357 


Admittedly, there are practical difficulties to maintaining: 
systematic crossbreeding systems under practical commercial 
conditions. However, they can be overcome by informed manage- 
ment. They are made easier by artificial insemination. A given 
cow can be inseminated with semen from any breed of bull de- 


sired as she comes through a chute. Separate breeding pastures 
for each breed of bull are not required. 

Concepts may change, but from what we know now, it appears 
that bulls from pure breeds or lines will be needed in breeding 
systems which maximize hybrid vigor. In a commercial industry 
based on crossbreeding or line crossing, it is extremely unlikely 
that maximum productivity could be attained by using bulls 
produced in commercial herds for the next generation. 

Thus, there will be a continuing need for top-quality sires. 
This should effectively halt any tendency for the commercial 
industry to also take over the functions of the seedstock mdustrj' 
under widespread use of artificial insemination. ^ 

4. Increased selling of slaughter cattle directly or mdirectb 


on a carcass grade and yield basis. ^ 

You may well say that this is an economic socolog^al 
question. I would be the first to agree. However. > 

occurring and further increase seems 
announced official adoption of an 

grade will probably serve as a spur to sell.ng slaughter cattle on 


the basis of true carcass value. or no- 

Sale of slaughter cattle strictly on the 
tential carcass value will affect bree Commercial pro- 

speeding up trends toward Jjded. This will intensify 

ducers will have to produce hinds ^ jp^ 

demand for sires with predictable re * ^ 5 ep.aratc 

Remember I said tho'-e affecting 

breeding problems and seedstock breeiiers 

commercial producers on the o rommercial 

on the other? The ^ about seedstock b.-ee<!en 

pretty well proves this. I ha commercial producer 
in it about as much as I ,ome of the likely future 

Let us try though to . 

developments m the ooti'on's torn! cow he.'d wi:; te 

1. A reduced proportion of tne 


in seedstock herds. of t.hese u a.-a.- 

Two things make this probable. The 



358 FACTORS AFFECTING CALF CROP 

ficial insemination. With its growth, proportionally fewer com- 
mercial bulls will be needed. 

The second is that even now we may have more breeding cows 
in seedstock herds than are needed for the economic welfare of 
the industry. 

To develop this point let us assume all cows, commercial and 
seedstock, are bred naturally. Assuming 25 cows bred per bull 
each year, about 1,280,000 bulls would have to be in service to 
breed the nation’s approximately 32,000,000 beef cows. If bulls 
averaged a useful life of three years, about 426,000 new ones 
would be needed each year. We can further assume an 80 per 
cent calf crop and a 50 :50 sex ratio in seedstock herds. Thus, if 
all bulls raised were used, it would require about 1,066,000 cows 
to produce the needed bulls. If one-fourth of the bulls dropped 
in seedstock herds are culled, then about 1,419,000 cows would 
be needed. 

You may argue that more than one-fourth the bulls born in 
seedstock herds should be culled rather than sold for breeding 
purposes. With natural mating it is difficult to visualize prices of 
bulls for use in commercial herds being high enough to permit a 
man depending upon bull sales for his major source of income to 
cull more and still cover his overhead and operating costs. 

With increased use of artificial insemination, premiums for 
truly outstanding bulls may increase to the point where it might 
be economic for seedstock breeders to raise large numbers of 
bulls with the expectation that only the top 3 to 6 per cent will 
be used as breeders. The remainder, if well fed after weaning, 
will produce very desirable carcasses at 12 to 14 months of age. 
This procedure would give intense selection differentials for 
those used for breeding. 

No one knows how many purebred, registered cows are now 
alive since records are not kept. About twelve years ago, each 
of the beef breed secretaries kindly gave me his best estimate 
for his breed. The estimates totaled to over 2,000,000 then. 
Probably numbers have increased since then. 

Thus, it would appear that we may even now have more 
purebred cows than we really need. 

If this be true, what arc some possible reasons? Two major 
factors arc the glamour of the purebred business and the related 
more or less continuous influx of outside money. This seems to 
include both that coming from wealthy persons to whom profit 
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is no object and from “little people” who invest in purebred 
females in the all-too-often forlorn hope of reaping a profit in 
the face of heavy odds. 

Whatever the reason, future specialization of the seedstock 
industry is likely to act as a brake and keep numbers down to 
those actually needed for efficient commercial bull production. 
This number will depend upon level of bull prices and the in- 
tensity of culling which is economically feasible. 

2. Individual seedstock herds will be larger and more special- 
ized. 

This has happened in crop breeding and in poultry breeding 
as emphasis on records has increased. It appears inevitable that 
the need for technical know-how to carry on breeding programs 


of the future will lead to larger units. 

3. Selection will be directly for traits related to economical 
production of a quality product in commercial descendants o 
qpp/1q4'Ap1^ 

This will likely take many forms which we do not have time 
to discuss in other than broad outline here. The> * 

include: (a) maintenance of breeding herds in commercial-type 

environments simUar to those in which the.r coramerc ml de- 

scendants will be expected to perform: (b) irec ij.fQ-g 

highly hereditary traits under simulated 

inclukg both pasture and feedlot; (3) f 

carcass quality by use of ultra sound an nro.pective 

“look under the skin;" and (d) progeny ‘"f .o 

herd sires on commercial herds throug ar ‘ ^ jU 

as a means of final herd-sire select.on. Th«e propen^tests^v.n 

also be highly useful as checks on ^ check on 

lection for both production and care. . cro«ibrcd 

combining ability of the ill be bred commercially, 

types to which bulls from Selection 

Obviously, this will be a for specific characters 

in different breeds or lines is . gpecifa: crosi- 

which that breed or line is expected to bring 

breeding program. . „ . „.ithin-herd or clew! la-ii 

4. Breeding will tend to be on t prcl.-.-.i.-a.-y 

with new bulls being introduced only afte. 

progeny tests. tires mav t.; fo-'me.! to c'ta..o 

Ultimately, rather highl.' ccmii.--i-o? ai.My 

more heterosis and precisely 
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Summary and Conclusions 


The material in this book includes the reports presented by 
speakers at the Fourteenth Annual Beef Cattle Short Course 
held at the University of Florida in 1965. The program was de- 
signed to summarize the many factors which affect the calf 
crop with beef cattle. This summary will present only some of 
the highlights of the papers contained herein. 

The substantial investment required per beef cow unit and the 
recurring yearly operating cost make it very important for one 
to obtain as high a calf crop as possible. In discussing the calf 
crop one should figure it on the number of calves weaned and 
the number of cows exposed to the bull in a given 12 months 
period. The aim of all cattlemen is to get as close to a 100 per 
cent calf crop as possible. 

Many factors affect cow productivity. These include feeding, 
nutrition, breeding, management, environment, diseases, age of 
the animal, as well as other factors. The causes for low calf 
crops appear to be about the same in various regions of the 
country. Reproduction rate varies somewhat in different regions 
of the U.S. The variation which exists within each region, how- 
ever, is about as great as that encountered between different 
regions. Considerable difference in calf crop can be obtained on 
practically adjoining ranches because of differences in man- 
agement. Thus, a discussion of the factors affecting the calf 
crop is very similar and is applicable to all areas of the country. 
High calf crops can be obtained in any state or area of the U.S. 
by following good production and management practices. 

Following are some factors which influence the calf crop : 
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1 . Underfeeding of cattle will result in a Imu calf crop. 

A low level of energy intake will delay the first heat period. 
If the level is low enough, it will stop estrus from occurring. 

A low level of protein intake will also delay first heat, but 
this may be the result of decreasing appetite and thus decreasing 
the amount of feed the heifers consume. Thus, a lack of energ>’ 
IS as important as a lack of protein in decreasing reproduction 
rate. If the protein level is low enough, it will also cause estrus 
to cease. 

A lack of vitamin A, phosphorus, copper, cobalt, and iodine 
have been shown to adversely affect the calf crop. Undoubtedly, 
a Jack of or excess of other nutrients may also affect reproduc- 
tion rate. 

Florida studies have shown that underfeeding of bull.s will 
adject their ability to reproduce in at least three ways: (I) they 
become reluctant to mount and mate cows because of a weakencci 
physical condition; (2) there is a delay in the age they reach 
sexual maturity; and (3) there results a degeneration of t/s.'sue.s 
in the reproductive organs after a prolonged period of under- 
feeding. This results in a bull becoming sterile. 

This brief discussion verj' definitely indicates that a proper 
intake of energy, protein, minerals, and vitamins is a must if 
one is to obtain a high calf crop. Without proper nutrition, cat- 
tle do very poorly. Mature cows are able to withstand poorer 
feed conditions than young heifers. Thus, where there is a 
choice, one needs to concentrate the best rations on the and 
second calf heifers. 

2. Overfeeding of cattle will rcisult in a tow calf crop. 

Overfeeding is encountered more often than underfeeding v. itii 
top quality purebred cattle. Underfee<ling i.s more of a proiden: 
with the commercial cattlemen, although some purebred rr*'n .ih 
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Harmful effects can also occur from getting bulls too fat. 
Florida studies have shown that fat bulls become inactive, are 
more prone to injuries, are reluctant to mate, and are not in 
condition to be turned out to pasture without proper adjustment 
in physical condition. Many good quality bulls have been ruined 
by being turned out to pasture without first being let down in 
condition which should be done gradually and not at too rapid a 
pace. 

Dairy studies at Tennessee have shown that overfeeding heif- 
ers during their early growth period has turned potentially good 
milkers into poor milkers. This is most likely due to a structural 
defect which occurs in the mammary gland during the early 
growing period. This problem needs study with beef cattle since 
there is a possibility the same thing may occur with them. 
This means one should avoid, whenever possible, the overfatten- 
ing of heifers during their early growth period. This means that 
special management may be needed because the most desirable 
replacement heifers are usually the ones most likely to grow too 
fat if overfed. 

This brief discussion indicates that overfeeding, to the extent 
that cows or bulls get excessively fat, for too long a period of 
time should be avoided as much as possible. For the person who 
shows cattle, this problem can be helped as follows : 

(1) Avoid getting cattle excessively fat for too long a period 
of time. This problem can also be helped if show judges will 
continue to discriminate more strongly against cattle which are 
too fat. 

(2) Help educate commercial cattlemen to buy purebred bulls 
without their having to be fat. This fattening process costs the 
purebred breeder in getting his bulls ready for sale and then 
costs the commercial producer to gradually let them down in con- 
dition if they are fatter than they should be for breeding pur- 
poses. Most commercial men complain about bulls which have 
been fattened but very few of them will buy bulls, or pay their 
true value, unless they have been fattened and look in good con- 
dition, An education program will help both groups in this 
matter. 

(3) Semen can be obtained from young, outstanding show bulls 
for storage and possible later use before they get in show shape. 
This is good insurance against the possibility of the bull be- 
coming a poor breeder after extensive showing. 
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3. Beef heifers can he calved at about 2 years of age if the fol- 
lowing conditions are met: 

They have sufficient size (at least 600 pounds) when bred at 
about 15 months of age. Small or undeveloped heifers should 
not be bred this early since it will result in considerable calving 
difficulty. 

They are fed adequately, but not excessively, up to calving 
time. If a heifer is well-developed her life-span in the herd is 
not affected. 

They are watched closely at calving since some of them will 
need help. About 50 per cent of the heifers needed assistance in 
an Oklahoma study. In general, less difficulty will be obtained if 
they are bred to somewhat smaller and more refined t>pos of 


DUllS. ,,, - 

They are fed well after calving to provide enough mdk for 
their calf, to insure re-breeding on schedule, and to prevent 
them from becoming stunted. 

Unless these and other conditions of 
met. one should not breed cattle too early. ' 

be no more, and possibly less, calf production .lunnp 
of the cow than if she had been bred hater to 
months of age. The Oklahoma Station '"TiVir 

cellent work on this problem for those who are 


more details. 
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provement in reproduction are the results obtained at the Uni- 
versity of Florida Beef Research Unit with a commercial cross- 
bred cow herd. Their reproduction rate in 1953 was 44 per cent. 
It increased to 82 per cent in 1955, 92 per cent in 1959 and 96 
per cent in 1962 (based on a three-month breeding season). At 
the same time that reproductive performance was being improv- 
ed, the weaning weight of the calves was also increasing. In 
1953, the weaning weights were 350 pounds and increased to 
532 pounds in 1962 which was an increase of 182 pounds. The 
average slaughter grade of the calves also increased from low 
good to low choice. This increase in productivity occurred by 
using a strict program of culling non-pregnant females as well 
as better feeding and management. It illustrates the fact, which 
has been observed in many Florida herds, that culling for fail- 
ure to reproduce can be of considerable help in increasing the 
calf crop. The culling also decreases the stocking rate on pas- 
tures and thus indirectly improves the nutritional level of the 
cattle. In cases where the nutritional level is borderline, the cul- 
ling of low producers will usually result in a greater production 
of beef on the ranch with the cattle which are left. 

6. Too high a temperature will adversely affect semen qualitv 
in the hull and the estrous cycle in the female, A high relative 
humidity will intensify the effects of high temperature. This 
means that breeding efficiency is decreased if it occurs during 
the hot months of the year. Purebred cattlemen who need to 
breed during the summer should keep their animals as cool as 
is practical in order to increase reproductive rate. Shade, plenty 
of clean, fresh water, a proper breeding season, and other man- 
agement procedures can be followed in order to minimize or 
eliminate any harmful effects from hot weather. Many cattlemen 
obtain high calf crops in Florida even though high temperatures 
and humidity occur during the summer. Thus, a hot climate 
does not necessarily mean low calf crops if the cattle operation 
is planned and managed properly. 

7. Cattle can tolerate a low level of nutritio 7 i at times if it is 
7iot too exteiisive. Oklahoma studies have shown that a low 
plane of nutrition during the first and second winters in the life 
of a beef female retards skeletal development only slightly at 
maturity, providing recovery occurs on good summer grass. This 
is possible because a heifer at weaning has already attained 
about 2/3 to 3/4 of her potential mature height and length of 
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body. It is best, however, if winter gains can be held to between 
0.5 to 1.0 pound per day during the first winter after weaning. 

It is not wise to purposely feed cattle at too low a level of 
nutrition even though some of this weight can be made up later 
on during the lush pasture season. However, if weight losses 
are necessary during some winters it is important to make sure 
that no serious deficiency occurs with protein, minerals and vi- 
tamins. If carried too far, the effect of a deficiency of some of 


these nutrients could be difficult to overcome later on. 

8. The quality of the pasture can influence the calf crop. Flor- 
ida studies have shown that grass-clover pastures produced beef 
at approximately 60 per cent the cost of straight grass pastures. 
The advantages for the grass-clover pastures included « 

20 per cent higher calf crop (83 versus 61 per cent), s ig > 
heavier calves (427 versus 416 pounds), and about a 30 per cent 
lower cost per cow yearly ($56 versus $79) . *nn 

per acre on grass-clover pastures was nearly dou ec . 
grass pastures (283 versus 146 pounds). Umicr [ 

tions the use of clover in grass pastures is h.phly rccon,momM 
wherever soil and moisture conditions warrant it. ‘ 
sure how much clover may benefit the calf crop ' nre.ai H 
or countries. Undoubtedly the use of 
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be a little more lenient in giving cattle another chance because 
of the large investment in some animals. There is a good cor- 
relation, however, to indicate that if a heifer has a poor first 
calf that she will continue to have the same kind. There are a 
few exceptions to this, however, and the cattleman needs to take 
all factors into consideration and decide whether another chance 
is warranted. 

10. Good management is the key to a successful operation. 
Without good management it is difficult to develop a top herd 
of cattle. A good manager needs to keep abreast of new develop- 
ments and be alert to what is happening all around him. There 
is no substitute for hard work, planning ahead, and integrity in 
developing a quality and reputable herd of cattle. A 100 per cent 
calf crop does not just happen. It takes a great deal of time 
and work to develop such a herd. It can be done, yet only a few 
cattlemen attain this goal. In the meantime, this should be the 
aim of all who want to develop an outstanding herd of cattle. 
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